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 Area (hectares) =  Length (m) x width (m)
                                         10000
Catchment Yield
Formula
Estimated annual catchment yield (m3) = (a) x (b) x (c) x 10
                                                                            100
Dam Storage Volume (excavated earth tank type)
(Kimberley)
Formula
Volume required (m3) = CU x 400 x 0.05 x 1.7
Square or Oblong dam
Formula:
Volume (m3) = (Surface area + base area + (square root of top surface area x base area)) x depth
          3
Circular dam
Formula:
Volume (m3) = 0.2619 x depth x (top diam.2 + base diam.2 + (top diam.x base diam.))
Wingbanks
Formulae
(1) Volume (m3) = Total wingbank length (m) x average cross section (m2)
(2) Wingbank cross sectional area (m2) = (Bank base width + bank top width) x height
                                         2
Temporary ponding volume.
Formula:
Temporary ponded storage (m3) = 1.05hf (r1 + r2)2
                     2
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Appendix Table 2. Estimated monthly and annual evaporation from dams in various pastoral centres (mm)
Station ED/Ep * Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Anna Plains 0.740 251 210 204 196 180 157 170 190 234 248 270 278 2588
Beverley
  Springs 0.780 216 164 182 197 187 170 182 220 257 280 280 267 2602
Blina 0.740 230 178 187 202 189 165 191 221 268 284 291 288 2694
Bohemia
  Downs 0.650 228 177 186 186 147 127 148 172 217 258 259 252 2357
Boolathana 0.810 298 256 250 170 135 102 102 121 140 204 243 243 2264
Camballin 0.730 229 184 189 203 184 168 187 214 262 281 291 287 2679
Carnarvon 0.840 299 266 257 176 140 98 104 129 143 212 240 252 2316
Carnegie 0.620 369 283 260 185 119 86 97 127 174 192 259 305 2456
Christmas
  Creek 0.670 227 174 186 189 160 138 162 185 232 263 267 261 2444
Coodardy 0.670 361 303 270 184 125 82 85 113 152 230 268 326 2499
Derby 0.730 212 172 178 196 185 168 184 212 255 265 285 272 2584
Earaheedy 0.620 369 283 257 188 120 88 95 128 174 239 270 316 2527
Exmouth 0.820 304 261 261 181 144 106 120 145 208 226 282 336 2574
Fairfield 0.730 225 172 184 197 181 159 178 206 253 277 284 278 2594
Fitzroy
  Crossing 0.680 224 170 118 188 163 140 163 188 233 264 267 262 2280
Giralia 0.800 348 303 272 200 159 109 116 148 211 271 309 344 2790
Halls Creek 0.660 211 166 173 174 143 124 139 165 213 246 244 231 2229
Jiggalong 0.620 308 251 246 202 130 109 111 141 186 245 279 308 2516
Kalgoorlie 0.710 306 245 217 141 94 66 73 92 128 192 231 301 2086
Kalumburu 0.900 198 162 162 191 191 176 198 234 269 287 260 269 2597
Kimberley
  Downs 0.760 228 179 185 205 190 180 193 222 266  289 296 293 2726
Kimberley
  Res. Stn. 0.760 187 159 155 175 169 152 171 202 238 256 225 227 2316
Leonora 0.660 345 267 243 161 107 71 76 103 145 213 249 306 2286
Leopold Downs 0.710 227 171 185 193 170 149 171 198 243 271 276 269 2523
Liveringa 0.730 230 185 189 203 189 161 194 211 263 281 291 287 2684
Meekatharra 0.650 380 314 267 190 131 87 92 121 170 259 293 333 2637
Melrose 0.650 367 282 260 172 113 79 80 109 160 229 261 315 2427
Millajiddee 0.670 230 183 191 194 160 138 166 189 234 268 272 268 2493
Minderoo 0.700 284 240 228 181 135 97 104 133 188 231 266 291 2378
Minnie Creek 0.660 312 278 254 182 127 94 96 127 176 248 277 310 2481
Mt. Clere 0.630 337 287 247 188 117 90 93 122 168 250 284 319 2502
Mt. Elizabeth 0.820 215 169 186 197 191 166 188 222 264 290 287 270 2645
Mt. Magnet 0.680 352 301 265 179 121 78 80 106 138 219 260 324 2423
Mt. Newman 0.630 290 232 216 182 109 108 125 121 166 237 267 293 2346
Mt. Tom Price 0.650 275 208 207 171 123 110 115 123 178 241 265 299 2315
Muggon 0.670 325 285 247 178 124 80 81 109 149 209 261 295 2343
Napier Downs 0.760 228 174 184 202 184 169 186 218 263 288 294 285 2675
Nookanbah 0.690 230 182 190 197 168 145 173 197 245 271 278 273 2549
Ord River 0.680 201 158 163 169 147 131 143 170 208 263 238 221 2212
Paynes Find 0.710 338 298 260 169 111 70 73 94 121 199 246 318 2297
Port Hedland 0.730 265 233 231 197 179 143 159 179 240 234 273 281 2614
Quanbun 0.670 223 173 183 189 162 142 166 189 233 263 267 261 2451
Sandstone 0.670 369 299 265 178 118 77 81 109 151 228 270 328 2473
Sturt Creek 0.630 218 185 180 175 131 115 125 154 190 257 239 233 2202
Tableland 0.710 208 161 176 180 163 137 153 188 220 261 259 240 2346
Three Rivers 0.620 339 293 266 188 ll5 89 97 125 168 246 279 332 2537
Wiluna 0.640 391 302 256 186 138 83 90 119 168 254 288 327 2602
Wooramel 0.710 301 276 232 167 121 82 82 108 148 198 256 274 2245
Wyndham 0.770 180 154 154 174 171 154 172 203 237 256 241 247 2343
Yeeda 0.770 231 187 191 210 194 179 l95 224 272 301 303 297 2784
* ED = Evaporation from dam
Ep = Class A pan evaporation
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INTRODUCTION
T h e s e  n o t e s  p r o v i d e  i n f o r m a t i o n  o n  m a n y  c o m p o n e n t s  o f  w a t e r  h a r v e s t i n g /s t o r a g e  s y s t e m s  d e s i g n e d  f o r  u s e  i n  s e m i - a r i d  a r e a s .  T h e  n o t i o n  o f  a  w a t e rh a r v e s t i n g  a n d  s t o r a g e  s y s t e m  i s  d e l i b e r a t e l y  e m p h a s i s e d .  N o  s i n g l e  d e s i g n
c o m p o n e n t  c a n  b e  c o n s i d e r e d  i n  i s o l a t i o n  i f  t h e  g o a l  o f  a  d r o u g h t - p r o o f  w a t e r
s u p p l y  i s  t o  b e  a c h i e v e d .
A  d r o u g h t - p r o o f  s u r f a c e  w a t e r  s u p p l y  i s  a c h i e v e d  b y  i n t e g r a t i n g  t h e  m a n y  d e s i g n
c o m p o n e n t s  o f  a  w a t e r  h a r v e s t i n g / s t o r a g e  s y s t e m  i n t o  a  p r a c t i c a l  p l a n .
T h e  d i v e r s e  n a t u r e  o f  t h e  r a n g e l a n d s  i n  W e s t e r n  A u s t r a l i a  m e a n s  t h a t  n o  t w o
s y s t e m s  w i l l  b e  a l i k e .  T h e  s u c c e s s f u l  c o m b i n a t i o n  o f  c a t c h m e n t  n a t u r e  a n d  s i z e ,
d a m  d e s i g n  a n d  l o c a t i o n  w i l l  b e  u n i q u e  f o r  e a c h  s i t u a t i o n .  H o w e v e r ,  s o u n d  w a t e r
h a r v e s t i n g / s t o r a g e  s y s t e m s  s h o u l d  b e  b a s e d  o n  p r i n c i p l e s  a n d  p r a c t i c e s  d e r i v e d
b o t h  i n  a g r i c u l t u r a l  a n d  r a n g e l a n d  e n v i r o n m e n t s .
D a m s  a r e  g e n e r a l l y  c o n s t r u c t e d  i n  a r e a s  w h e r e  t h e r e  i s  n o  s u i t a b l e  q u a l i t y  g r o u n d
w a t e r  o r  w h e r e  i t  i s  t o o  d e e p  a n d  c o s t l y  t o  e x t r a c t .  I n  t h e  p a s t o r a l  z o n e  t h e  a r e a s
m o s t  a f f e c t e d  a r e  p a r t s  o f  K a l g o o r l i e - N u l l a r b o r ,  t h e  M u r c h i s o n  a n d  C o a s t a l  G a s c o y n e .
I n  t h e s e  a r e a s  d a m s  h a v e  b e e n  b u i l t  o n  l a r g e  c a t c h m e n t s  a n d  v a r y  i n  s i z e  f r o m
2 0 0 0  t o  4 0 , 0 0 0  c u b i c  m e t r e s .
R e s e a r c h  b y  t h e  D e p a r t m e n t  o f  A g r i c u l t u r e  h a s  f o u n d  t h a t  s m a l l  e f f i c i e n t  c a t c h -
m e n t s  c o n t r i b u t i n g  t o  a  p r o p e r l y  d e s i g n e d  d a m  c a n  b e  m o r e  e f f e c t i v e  t h a n  t h e
t r a d i t i o n a l  l a r g e  c a t c h m e n t / l a r g e  d a m  c o m b i n a t i o n .
A s  o u r  k n o w l e d g e  o f  c a t c h m e n t  a n d  s t o r a g e  w a t e r  s y s t e m s  i n c r e a s e s ,  r i s k s  p r e v i -
o u s l y  c o n s i d e r e d  t o o  g r e a t  a r e  d i m i n i s h e d .  W i t h  m o d e r n  e x c a v a t i o n  t e c h n i q u e s ,
a n d  a  b e t t e r  u n d e r s t a n d i n g  o f  s o i l  p r o p e r t i e s ,  a  w a t e r  h a r v e s t i n g / s t o r a g e  s y s t e m
m a y  n o w  b e  c o n s i d e r e d  a  r e l i a b l e  a n d  c o s t  e f f e c t i v e  a l t e r n a t i v e  t o  g r o u n d  w a t e r
s u p p l i e s .
D i s c l a i m e r :
T h e  C h i e f  E x e c u t i v e  O f f i c e r  o f  t h e  D e p a r t m e n t  o f  A g r i c u l t u r e  a n d  t h e  S t a t e
o f  W e s t e r n  A u s t r a l i a  a c c e p t  n o  l i a b i l i t y  w h a t s o e v e r  b y  r e a s o n  o f  n e g l i g e n c e
o r  o t h e r w i s e  a r i s i n g  f r o m  t h e  u s e  o r  r e l e a s e  o f  t h i s  i n f o r m a t i o n  o r  a n y  p a r t
o f  i t
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1 .  P A S T O R A L  WAT E R
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
C O N S E RVAT I O N  S Y S T E M S
T h e  s u c c e s s  o f  a n y  p a s t o r a l  w a t e r  s t o r -
a g e  s y s t e m  d e p e n d s  o n :
• p l a n n i n g ,
• d e s i g n ,
• c o n s t r u c t i o n ,  a n d
• m a n a g e m e n t .
E a c h  o f  t h e s e  f a c t o r s  m u s t  b e  c o n s i d -
e r e d  i f  t h e  s c h e m e  i s  t o  a c h i e v e  t h e  d e -
s i r e d  r e s u l t .
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
1 . 1 .  D E F I N I N G  T H E  P U R P O S E
O F  T H E  D A M
C l e a r  d e f i n i t i o n  o f  t h e  d a m ’ s  p u r p o s e  i s
required so  that  to ta l  water  demand,  current
a n d  p r o j e c t e d ,  c a n  b e  c a t e r e d  f o r .
F o r  e x a m p l e ,  i f  t h e  d a m  i s  t o  s e r v i c e
domestic demand this may include household
a n d  g a r d e n  r e q u i r e m e n t s .  I f  t h e  d a m  i s
to  s e rv i ce  l i ves tock  supp ly ,  t h i s  may  mean
either servicing one paddock only or multiple
s e r v i c i n g  b y  r e t i c u l a t i o n  o f  s u p p l y .  I t
m a y  b e  a  c o m b i n a t i o n  o f  d o m e s t i c  a n d
l i v e s t o c k  s u p p l y .
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
1 . 2  Q U A N T I F Y I N G  T O T A L
WA T E R  D E M A N D
( a )  D o m e s t i c
H o m e s t e a d  d e m a n d  v a r i e s  d e p e n d i n g  o n
t h e  n u m b e r s  i n  t h e  h o u s e h o l d  a n d  t h e
s i z e  o f  g a r d e n .  W a t e r  d e m a n d  e q u i v a -
l e n t  t o  1 0 0 0  D S E  ( d r y  s h e e p  e q u i v a l e n t s )
a p p r o x i m a t e s  t h a t  o f  a  h o u s e h o l d  w i t h  a
m o d e r a t e  s i z e d  g a r d e n .  W h e n  m o r e  t h a n
o n e  h o u s e h o l d  e x i s t s  t h i s  f i g u r e  s h o u l d
b e  m u l t i p l i e d  a c c o r d i n g l y .
( b )  L i v e s t o c k
T h e  t o t a l  d r i n k i n g  r e q u i r e m e n t  i n c l u d e s
d o m e s t i c ,  f e r a l  a n d  n a t i v e  a n i m a l s .  T h e
r e s u l t  s h o u l d  b e  e x p r e s s e d  i n  d r y  s h e e p
e q u i v a l e n t s  ( D S E ) .  A  D S E  r e f e r s  t o  t h e
d r i n k i n g  r a t e  o f  a  d r y  s h e e p  o f  4 5  k g
l i v e  w e i g h t  i n  f o r w a r d  s t o r e  c o n d i t i o n
( c o n d i t i o n  s c o r e  3 ) ,  g r a z i n g  a  s u b - c l o -
v e r  o r  a n n u a l  s p e c i e s  b a s e d  p a s t u r e  ( s e e
T a b l e  1 ) .  E s t i m a t e s  o f  s t o c k  w a t e r  c o n -
s u m p t i o n  f o r  v a r i o u s  p a s t o r a l  c e n t r e s  a r e
g i v e n  i n  T a b l e  2 .
Factors influencing livestock water consumption
r a t e s  a r e :
• l a c t a t i o n  s t a t u s
• s i z e  o f  s t o c k
• s p e c i e s  o f  s t o c k
• d a i l y  t e m p e r a t u r e s
• p a s t u r e  s a l i n i t y
• f o r a g e  m o i s t u r e  c o n t e n t
• w a t e r  q u a l i t y
Table 1. Comparative water requirements of different
classes of stock (in DSE)
Class No of DSE
Sheep non-lactating adult 1
lactating 2
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T h e  f o l l o w i n g  m u l t i p l i c a t i o n  f a c t o r s  c a n
b e  u s e d  t o  c a l c u l a t e  d r i n k i n g  r a t e s  o n
v a r i o u s  d i e t s :
• S a l i n e  p a s t u r e s x 3 DSE (hottest months)
• G r a i n  f e d x  2  D S E
• G r a s s  p a s t u r e x  1  D S E
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
1 . 3  C A L C U L A T I N G
E VA P O R A T I O N  L O S S E S
E v a p o r a t i o n  l o s s e s  a r e  h i g h  i n  p a s t o r a l
r e g i o n s  a n d  m u s t  b e  a c c o u n t e d  f o r  w h e n
c a l c u l a t i n g  w a t e r  d e m a n d .  T h e  v o l u m e
o f  w a t e r  l o s t  d a i l y  t h r o u g h  e v a p o r a t i o n
d e p e n d s  o n  t h e  s u r f a c e  a r e a ,  w a t e r  t e m -
p e r a t u r e ,  a i r  t e m p e r a t u r e ,  h u m i d i t y  a n d
w i n d  v e l o c i t y  a c r o s s  t h e  w a t e r  s u r f a c e .
Evaporation data for various pastoral  centres
a r e  g i v e n  i n  t h e  a p p e n d i c e s
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
2 .  S Y S T E M  S I T E  S E L E C T I O N
T h e  n e c e s s i t y  f o r  w e l l  d i s t r i b u t e d  w a -
t e r i n g  p o i n t s  o n  p a s t o r a l  p r o p e r t i e s  h a s
l o n g  b e e n  r e c o g n i s e d  a s  a  k e y  t o  b e t t e r
m a n a g e m e n t  a n d  i n c r e a s e d  p r o d u c t i o n .
H i g h  c o s t s  i n c u r r e d  i n  d e v e l o p i n g  n e w
watering points warrants careful consideration
o f  a l l  p r a c t i c a l  o p t i o n s .
T able 2 . E stim ates of stock w ater consum ption for various pastoral centres 
 
E stim ated  stock water consum ption  * =  litres/D SE /day 
 ** =  m
3
/100 D SE /m onth  
 
Station Jan Feb M ar A pr M ay June July  A ug Sept O ct N ov D ec
C arnarvon * 3 .1  3 .3  3 .1  2 .6  2 .1  1 .5  1 .3  1 .4  1 .7  2 .1  2 .3  2 .7  
 ** 9 .6  9 .2  9 .5  7 .8  6 .4  4 .5  4 .1  4 .5  5 .2  6 .4  6 .8  8 .3  
 
D erby * 3 .8  3 .8  3 .8  3 .8  3 .3  2 .8  2 .7  3 .1  3 .6  3 .9  4 .1  4 .0  
 ** 11 .7  10 .5  11 .9  11 .5  10 .1  8 .5  8 .5  9 .7  10.9 12.2 12 .2  12.5
F itzroy 
C rossing * 4 .3  4 .1  4 .2  4 .0  3 .3  2 .8  2 .8  3 .3  4 .0  4 .7  4 .9  4 .8  
 ** 13 .4  11 .5  12 .9  12 .1  10 .1  8 .5  8 .6  10 .3  12.1 14.4 14 .6  14.8
 
H allsC reek  * 4 .2  4 .0  3 .8  3 .5  2 .8  2 .3  2 .2  2 .9  3 .6  4 .1  4 .4  4 .3  
 ** 12 .9  11 .3  11 .9  10 .5  8 .7  6 .8  6 .9  8 .8  10.7 12.8 13 .1  13.3
 
K algoorlie  * 3 .5  3 .2  2 .8  1 .9  1 .0  0 .4  0 .3  0 .6  1 .3  2 .0  2 .6  3 .3  
 ** 11 .0  9 .0  8 .6  5 .7  3 .2  1 .3  0 .8  2 .0  4 .0  6 .2  7 .9  10.1
 
K arratha * 3 .9  3 .6  3 .7  3 .6  2 .8  2 .1  2 .0  2 .2  2 .8  3 .5  3 .4  3 .8  
 ** 12 .0  10 .1  11 .6  10 .7  8 .7  6 .3  6 .1  6 .7  8 .4  10.7 10 .3  11.6
 
K ununurra * 4 .1  3 .9  3 .9  3 .9  3 .4  3 .0  2 .9  3 .5  4 .1  4 .4  4 .5  4 .4  
 ** 12 .6  10 .9  12 .0  11 .8  10 .5  8 .9  9 .0  10 .9  12.2 13.8 13 .5  13.6
 
M eekathara  * 4 .4  4 .2  3 .6  2 .8  1 .7  1 .0  0 .9  1 .3  2 .1  2 .7  3 .5  4 .1  
 ** 13 .6  11 .8  11 .3  8 .3  5 .4  3 .0  2 .7  4 .0  6 .2  8 .4  10 .6  12.8
 
M t N ewm an  * 4 .3  4 .2  3 .8  3 .0  2 .0  1 .3  1 .2  1 .7  2 .6  3 .3  4 .0  4 .3  
 ** 13 .5  11 .6  11 .7  9 .1  6 .2  3 .8  3 .9  5 .4  7 .9  10.3 12 .0  13.4
 
P t H ed land   * 4 .0  4 .0  4 .1  3 .8  2 .9  2 .3  2 .2  2 .6  3 .3  3 .7  4 .0  4 .1  
 ** 12 .5  11 .3  12 .8  11 .4  9 .0  7 .0  6 .9  8 .2  9 .8  11.5 12 .1  12.8
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Dam des ign  fo r  pas to ra l  s tock  water  supp l ies
Oblong tanks Oblong tanks
 Water Square tanks proportion of length to width proportion or length to width
capacity approx. 5 to 4 approx. 3 to 2
Top Bottom Top Bottom Top Bottom
Cubic Depth Length Length Length Width Length Width Length Width Length Width
metres
7000 4.50 52.2 25.2 58.4 46.8 31.4 19.8 64.3 42.9 37.3 15.9
4.75 51.7 23.2 58.0 46.4 29.5 17.9 63.9, 42.6 35.4 14.1
5.00 51.4 21.4 57.6 46.1 27.6 16.1 63.5 42.3 33.5 12.3
5.25 51.1 19.6 57.3 45.8 25.8 14.3 63.2 42.1 31.7 10.6
5.50 50.9 17.9 57.1 45.6 24.1 12.6 62.9 42.0 29.9 9.0
5.75 50.7 16.2 56.9 45.5 22.4 11.0 62.7 41.8 28.2 7.3
6.00 50.5 14.5 56.7 45.4 20.7 9.4 62.6 41.7 26.6 5.7
6.25 50.4 12.9 56.6 45.3 19.1 7.8 62.5 41.7 25.0 4.2
6.50 50.3 11.3 55.5 45.2 17.5 6.2
8000 4.50 54.9 27.9 61.5 49.2 34.5 22.2 67.7 45.2 40.7 18.2
4.75 54.5 26.0 61.0 48.8 32.5 20.3 67.2 44.8 38.7 16.3
5.00 54.1 24.1 60.6 48.5 30.6 18.5 66.7 44.5 36.7 14.5
5.25 53.7 22.2 60.2 48.2 28.7 16.7 66.3 44.2 34.8 12.7
5.50 53.4 20.4 59.9 47.9 26.9 14.9 66.0 44.0 33.0 11.0
5.75 53.2 18.7 59.7 47.7 25.2 13.2 65.8 43.9 31.3 9.4
6.00 53.0 17.0 59.5 47.6 23.5 11.6 65.6 43.7 29.6 7.7
6.25 52.9 15.4 59.3 47.4 21.8 9.9 65.5 43.6 28.0 6.1
6.50 52.7 13.7 59.2 47.3 20.2 8.3 65.4 43.6 26.4 4.6
8500 4.50 56.3 29 3 63 0 50.4 36.0 23.4 69.3 46.2 42.3 19.2
4.75 55.7 27 2 62 5 50.0 34.0 21.5 68.8 45.8 40.3 17 3
9000 4.50 57.5 30.5 64.5 51.6 37.5 24.6 70.9 47.3 43.9 20.3
4.75 57.0 28.5 63.9 51.1 35.4 22.6 70.3 46.9 41.8 18.4
5.00 56.5 26.5 63.3 50.7 33.3 20.7 69.8 46.5 39.8 16.5
5.25 56.1 24.6 62.9 50.3 31.4 18.8 69.3 46.2 37.8 14.7
5.50 55.8 22.8 62.6 50.1 29.6 17.1 69.0 46.0 36.0 13.0
5.75 55.5 21.0 62.3 49.8 27.8 15.3 68.7 45.8 34.2 11.3
6.00 55.3 19.3 62.0 49.6 26.0 13.6 68.4 45.6 32.4 9.6
6.25 55.1 17.6 61.8 49.5 24.3 12.0 68.2 45.5 30.7 8.0
6.50 55.0 16.0 61.7 49.3 22.7 10.3 68.1 45.4 29.1 6.4
6.75 54.8 14.3 61.5 49.2 21.0 8.7 68.0 45.3 27.5 4.8
7.00 54.7 12.7 61.4 49.2 19.4 7.2
10000 4.50 60.0 33.0 67.2 53.8 40.2 26.8 73.9 49.3 46.9 22.3
4.75 59.4 30.9 66.5 53.2 38.0 24.7 73.2 48.8 44.7 20.3
5.00 58.9 28.9 66.0 52.8 36.0 22.8 72.6 48.4 42.6 18.4
5.25 58.4 26.9 65.5 52.4 34.0 20.9 72.1 48.1 40.6 16.6
5.50 58.1 25.1 65.1 52.1 32.1 19.1 71.7 47.8 38.7 14.8
5.75 57.7 23.2 64.7 51.8 30.2 17.3 71.3 47.6 36.8 13.1
6.00 57.5 21.5 64.4 51.6 28.4 15.6 71.1 47.4 35.1 11.4
6.25 57.3 19.8 64.2 51.4 26.7 13.9 70.8 47.2 33.3 9.7
6.50 57.1 18.1 64.0 51.2 25.0 12.2 70.6 47.1 31.6 8.1
6.75 56.9 16.4 63.9 51.1 23.4 10.6 70.5 47.0 30.0 6.5
7.00 56.8 14.8 63.7 51.0 21.7 9.0 70.4 46.9 28.4 4.9
7.25 56.7 13.2 63.6 50.9 20.1 7.4
7.50 56.6 11.6 63.6 50.9 18.6 5.9
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Water Square tanks proportion of length to width proportion or length to width
capacity approx. 5 to 4 approx. 3 to 2
Top Bottom Top Bottom Top Bottom
Cubic Depth Length Length Length Width Length Width Length Width Length Width
metres
4000 3.00 45.1 27.1 50.6 40.4 32.6 22.4 55.6 37.0 37.6 19.0
3.25 44.4 24.9 49.7 39.8 30.2 20.3 54.7 36.4 35.2 16.9
3.50 43.8 22.8 49.0 39.2 28.0 18.2 53.9 36.0 32.9 15.0
3.75 43.3 20.8 48.5 38.8 26.0 16.3 53.4 35.6 30.9 13.1
4.00 42.9 18.9 48.0 38.4 24.0 14.4 52.9 35.3 28.9 11.3
4.25 42.5 17.0 47.7 38.1 22.2 12.6 52.6 35.0 27.1 9.5
4.50 42.3 15.3 47.4 37.9 20.4 10.9 52.3 34.9 25.3 7.9
4.75 42.1 13.6 47.2 37.8 18.7 9.3 52.1 34.7 23.6 6.2
5.00 41.9 11.9 47.0 37.6 17.0 7.6 51.9 34.6 21.9 4.6
5.25 41.8 10.3 46.9 37.5 15.4 6.0
5.50 41.7 8.7 46.8 37.5 13.8 4.5
4500 3.00 47.4 29.4 53.0 42.4 35.0 24.4 58.3 38.9 40.3 20.9
3.25 46.5 27.0 52.1 41.7 32.6 22.2 57.3 38.2 37.8 18.7
3.50 45.8 24.8 51.3 41.1 30.3 20.1 56.5 37.7 35.5 16.7
3.75 45.3 22.8 50.7 40.6 28.2 18.1 55.8 37.2 33.3 14.7
4.00 44.8 20.8 50.2 40.2 26.2 16.2 55.3 36.9 31.3 12.9
4.25 44.4 18.9 49.8 39.9 24.3 14.4 54.9 36.6 29.4 11.1
4.50 44.1 17.1 49.5 39.6 22.5 12.6 54.6 36.4 27.6 9.4
4.75 43.9 15.4 49.2 39.4 20.7 10.9 54.3 36.2 25.8 7.7
5.00 43.7 13.7 49.0 39.2 19.0 9.2 54.1 36.1 24.1 6.1
5.25 43.6 12.1 48.9 39.1 17.4 7.6 54.0 36.0 22.5 4.5
5.50 43.5 10.5 48.8 39.0 15.8 6.0
5.75 43.4 8.9 48.7 39.0 14.2 4.5
5000 3.00 49.5 31.5 55.4 44.3 37.4 26.3 60.9 40.6 42.9 22.6
3.25 48.6 29.1 54.4 43.5 34.9 24.0 59.8 39.9 40.3 20.4
3.50 47.8 26.8 53.5 42.8 32.5 21.8 58.9 39.3 37.9 18.3
3.75 47.2 24.7 52.9 42.3 30.4 19.8 58.2 38.8 35.7 16.3
4.00 46.7 22.7 52.3 41.8 28.3 17.8 57.6 38.4 33.6 14.4
4.25 46.3 20.8 51.8 41.5 26.3 16.0 57.1 38.1 31.6 12.6
4.50 45.9 18.9 51.5 41.2 24.5 14 2 56.7 37.8 29.7 10.8
4.75 45.6 17.1 51.2 40.9 22.7 12.4 56.4 31.6 27.9 9.1
5.00 45.4 15.4 50.9 40.7 20.9 10.7 56.2 37.5 26.2 7.5
5.25 45.2 13.7 50.7 40.6 19.2 9.1 56.0 37.3 24.5 5.8
5.50 45.1 12.1 50.6 40.5 17.6 7.5 55.9 37.3 22.9 4.3
5.75 45.0 10.5 50.5 40.4 16.0 5.9
6000 4.00 50.1 26.1 56.1 44.9 32.1 20.8 61.8 41.2 37.8 17.2
4.25 49.6 24.1 55.6 44.5 30.1 19.0 61.2 40.8 35.7 15.3
4.50 49.2 22.2 55.1 44.1 28.1 17.1 60.7 40.5 33.7 13.5
4.75 48.8 20.3 54.7 43.8 26.2 15.3 60.3 40.2 31.8 11.7
5.00 48.5 18.5 54.4 43.5 24.4 13.5 60.0 40.0 30.0 10.0
5.25 48.2 16.8 54.2 43.3 22.7 11.8 59.8 39.8 28.3 8.3
5.55 48.1 15.1 54.0 43.2 21.0 10.2 59.6 39.7 26.6 6.7
5.75 48.0 13.5 53.8 43.1 19.3 8.6 59.4 39.6 24.9 5.1
6.00 47.9 11.9 53.7 43.0 17.7 7.0
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Dam des ign  fo r  pas to ra l  s tock  water  supp l ies
I t  i s  m o s t  a d v a n t a g e o u s  t o  s i t e  a  w a t e r
s u p p l y  s o  g r a z i n g  a n i m a l s  m a y  m a k e  t h e
b e s t  u s e  o f  f o r a g e  i n  t h e  p a d d o c k .  P o i n t s
t o  c o n s i d e r  a r e :
• G e n e r a l  t o p o g r a p h y
–   T h e  s i t e  s h o u l d  b e  a c c e s s i b l e  f r o m
a l l  d i r e c t i o n s .  T h i s  w i l l  h e l p  r e d u c e
stock concentration and lessen the likelihood
o f  l a n d  d e g r a d a t i o n .
• P r e v a i l i n g  w i n d s
–   S o m e  s t o c k  h a s  a  t e n d e n c y  t o  g r a z e
e i t h e r  i n t o ,  o r  a w a y  f r o m  t h e  w i n d .
W h e n  s e l e c t i n g  t h e  s i t e ,  a s s e s s  t h e
g r a z i n g  a r e a  a n d  p o s i t i o n  t h e  w a t e r -
i n g  p o i n t  s o  t h a t  i t  u s e s  t h e  p r e v a i l -
i n g  w i n d  t o  b e s t  a d v a n t a g e .
• E x i s t i n g  w a t e r i n g  p o i n t s
–   T h e  d i s t a n c e  b e t w e e n  w a t e r i n g  p o i n t s
s h o u l d  b e  d e t e r m i n e d  b y  t h e  q u a l i t y
o f  t h e  w a t e r  a n d  t h e  t y p e  o f  f o r a g e
avai lable  in  the  surrounding area .  Sa l ine
f e e d  a n d  s a l i n e  w a t e r  r e d u c e  t h e  d i s -
t ance  s tock  wi l l  wa lk  f rom wate r ,  hence
the  need  fo r  more  wa te r ing  po in t s .  Dam
water being non-saline extends the grazing
a r e a  a n d  a l l o w s  g r e a t e r  u s e  o f  t h e  m o r e
s a l i n e  f o r a g e  ( T a b l e  3 ) .
• T h e  s t o c k i n g  p r e s s u r e  o n  t h e  w a t e r
s u p p l y
–   T h e  g r a z i n g  a r e a  f o r  e a c h  w a t e r i n g
p o i n t  m u s t  b e  d e t e r m i n e d .  A  w a t e r -
ing point centrally positioned in a paddock
w i l l  a l l o w  a  l a r g e r  a r e a  t o  b e  g r a z e d
t h a n  o n e  p l a c e d  n e a r  t h e  m a r g i n .
• C a t c h m e n t
–  The dam should be placed on the catchment
i n  s u c h  a  p o s i t i o n  t h a t  s u f f i c i e n t  w a -
t e r  i s  h a r v e s t e d  t o  a d e q u a t e l y  s e r v i c e
t h e  a v a i l a b l e  s t o r a g e  v o l u m e  o f  t h e
d a m  b u t  a v o i d s  e x c e s s  f l o w s  t h a t  a r e
d i f f i c u l t  t o  c o n t r o l  w i t h  w i n g b a n k s  a n d
o v e r f l o w s .
–   I n  a  s e m i - a r i d  e n v i r o n m e n t  t h e  c a t c h -
m e n t  m u s t  h a v e  t h e  a b i l i t y  t o  s h e d
w a t e r  f r o m  r e l a t i v e l y  s m a l l  r a i n f a l l
e v e n t s  i n  o r d e r  t h a t  t h e  d a m  s t o r a g e
i s  r e p l e n i s h e d  a t  e v e r y  o p p o r t u n i t y .
T h e  f u r t h e r  t h e  d a m  i s  s i t u a t e d  f r o m
i t ’ s  c a t c h m e n t  t h e  g r e a t e r  t h e  r u n o f f
t r a n s m i s s i o n  i n e f f i c i e n c i e s .
• E x a m i n a t i o n  o f  a e r i a l  p h o t o g r a p h s
–   A e r i a l  p h o t o g r a p h s  s h o u l d  b e  e x a m -
i n e d  t o  d e t e r m i n e  t h e  e x t e n t  o f  t h e
c a t c h m e n t .  T h e  c a t c h m e n t  s h o u l d  t o
b e  t r a v e r s e d  t o  d e t e r m i n e  i f  t h e r e  i s
suff ic ient  ca tchment  that  wi l l  shed water
o n  t h e  p a t t e r n  o f  r a i n f a l l  e x p e r i e n c e d
a t  a n y  g i v e n  l o c a t i o n .  T h e  f e a t u r e s
to look for are evidence of water movement
across  the surface and the type of  surface
c r u s t i n g .  T h e  a r e a  o f  c a t c h m e n t  t h a t
s h e d s  w a t e r  q u i c k l y  g i v e s  a  g u i d e  a s
t o  t h e  v o l u m e  o f  w a t e r  l i k e l y  t o  b e
collected.  One mil l imetre depth of  runoff
f r o m  o n e  h e c t a r e  o f  c a t c h m e n t  p r o -
d u c e s  1 0  c u b i c  m e t r e s  ( 1 0  k i l o l i t r e s )
o f  w a t e r .  F o r  a  g i v e n  r a i n f a l l  e v e n t
t h e  r u n o f f  e f f i c i e n c y  o f  w h o l e  c a t c h –
Table 3. Influence of feed and water quality on sheep grazing
radius and area* (based on an unpublished model of grazing
radius calculation by D.M. Stafford Smith).
Water salinity (mg salt/L) (=ppm salt)
2500 5000 7500 10000
Non-salty feed
Grazing radius (km) 4.0 3.8 3.7 3.5
Grazing area (ha) 5020 4540 4300 3850
Salty feed
Grazing radius (km) 3.0 2.9 2.8 2.7
Grazing area (ha) 2830 2640 2460 2290
* Assumes 360° access to a watering point
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m e n t s  i s  o f t e n  l o w ,  l e s s  t h a n  5 % ,  b u t
c e r t a i n  a r e a s  o n  t h a t  c a t c h m e n t  m a y
s h e d  a s  m u c h  a s  5 0 %  o f  t h e  r a i n f a l l
i t  r e c e i v e d .
• A v o i d  m a j o r  c r e e k  s y s t e m s
–   S i l t  d e p o s i t i o n  a n d  b a n k  e r o s i o n  m a k e
m a j o r  c r e e k  s y s t e m s  v e r y  i n e f f i c i e n t
passageways for water. The ideal catchment
i s  o n e  w h e r e  t h e  w a t e r  i s  c o l l e c t e d
and di rec ted  to  the  dam before  i t  reaches
i n c i s e d  d r a i n a g e .
• P o s i t i o n i n g  t h e  d a m
–   T h e  d a m ’ s  p o s i t i o n  s h o u l d  b e  d e c i d e d
a f t e r  t h e  c a t c h m e n t  h a s  b e e n  a s s e s s e d .
F a c t o r s  f o r  c o n s i d e r a t i o n  a r e :
a ) p r o x i m i t y  t o  t h e  c a t c h m e n t ;
b ) p o s i t i o n  o f  t h e  o v e r f l o w ( s ) ;
c ) a l i g n m e n t  a n d  s i z e  o f  w i n g b a n k s ;  a n d
d ) d e p t h  o f  s u i t a b l e  w a t e r  h o l d i n g  s o i l .
• D a m  s i t e  s e l e c t i o n
–   C a r e f u l  s e l e c t i o n  o f  a  s i t e  f o r  a  n e w
d a m  a n d  a d e q u a t e  t e s t  b o r i n g  m i n i -
mises dam failures from excessive seepage.
The small  f inancial  out lay for  tes t  boring
i s  a  s o u n d  i n v e s t m e n t .
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2 . 1 D A M  S I T E  S O I L S  A N D  T E S T
D R I L L I N G
T e s t  b o r i n g ,  t o  d a m  d e p t h  p l u s  o n e  m e -
t r e ,  w i l l  d e t e r m i n e  t h e  p r e s e n c e  o r  a b -
s e n c e  o f  g o o d  q u a l i t y  h o l d i n g  c l a y .  A b -
sence  o f  rock  (wh ich  may  l imi t  t he  dep th ) ,
s a n d  s e a m s  a n d  s a l t  w a t e r  t a b l e  m u s t  a l s o
b e  c o n f i r m e d .
A power rotary drill is sufficient for exploratory
d r i l l i n g .  I n s p e c t i o n  o f  t h e  h o l e s  n e x t  d a y
w i l l  r e v e a l  i f  a  s a l t  w a t e r  t a b l e  i s  p r e s e n t .
H o w e v e r ,  a  p o w e r  r o t a r y  d r i l l  m i x e s  t h e
so i l ;  s andy  seams  may  be  mixed  wi th  good
c l a y  a n d  r e m a i n  u n d e t e c t e d .  T h e r e f o r e
c a r e f u l  i n t e r p r e t a t i o n  o f  s a m p l e s  f r o m
t h e  a u g e r  i s  r e q u i r e d .
I d e a l l y  t h e r e  s h o u l d  b e  a t  l e a s t  f i v e  t e s t
h o l e s  a t  e v e r y  p r o p o s e d  d a m  s i t e .  H o l e s
s h o u l d  b e  d r i l l e d  a t  e a c h  o f  t h e  c o r n e r s
a n d  i n  t h e  m i d d l e  o f  t h e  p r o p o s e d  d a m
f l o o r .
F i g u r e  1 .  P a t t e r n s  f o r  e x p l o r a t o r y  d r i l l i n g  f o r
s q u a r e  a n d  r o u n d  d a m s
T e s t  d r i l l i n g  a t  a  N u l l a r b o r  d a m s i t e
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APPENDIX
Appendix Table 1a. Dimensions of dams in metres (excavated earth tanks) with standard 1 in 3 batter slopes only
Oblong tanks Oblong tanks
 Water Square tanks proportion of length to width proportion or length to width
capacity approx. 5 to 4 approx. 3 to 2
Top Bottom Top Bottom Top Bottom
Cubic Depth Length Length Length Width Length Width Length Width Length Width
metres
750 3.00 23.9 5.9
1000 3.00 26.5 8.5 29.7 23.8 11.7 5.8
3.25 26.4 6.9 29.6 23.7 10.1 4.2
1250 3.00 28.7 10.7 32.2 25.8 14.2 7.8 35.5 23.7 17.5 5.7
3.25 28.5 9.0 32.0 25.6 12.5 6.1 35.3 23.5 15.8 4.0
3.50 28.4 7.4 31.9 25.5 10.9 4.5
1500 3 00 30.7 12.7 34.5 27.6 16.5 9.6 38.0 25.3 20.0 7.3
3.25 30.5 11.0 34.2 27.3 14.7 7.8 37.7 25.1 18.2 5.6
3.50 30.3 9.3 34.0 27.2 13.0 6.2 37.5 25.0 16.5 4.0
3.75 30.2 7.7 33.9 27.1 11.4 4.6
2000 3 00 34.3 16.3 38.4 30.7 20.4 12.7 42.3 28.2 24.3 10.2
3.25 33.9 14.4 38.0 30.4 18.5 10.9 41.9 27.9 22.4 8.4
3.50 33.6 12.6 37.7 30.2 16.7 9.2 41.6 27.7 20.6 6.7
3.75 33.4 10.9 37.5 30.0 15.0 7.5 41.4 27.6 18.9 5.1
4.00 33.3 9.3 37.3 29.9 13.3 5.9
4.25 33.2 7.7 37.2 29.8 11.7 4.3
2500 3.00 37.4 19.4 41.9 33.5 23.9 15.5 46.1 30.7 28.1 12.7
3.25 36.9 17.4 41.4 33.1 21.9 13.6 45.5 30.4 26.0 10.9
3.50 36.5 15.5 40.9 32.8 19.9 11.8 45.1 30.1 24.1 9.1
3.75 36.2 13.7 40.6 32.5 18.1 10.0 44.8 29.9 22.3 7.4
4.00 36.0 12.0 40.4 32.3 16.4 8.8 44.6 29.7 20.6 5.7
4.25 35.9 10.4 40.2 32.2 14.7 6.7 44.4 29.6 18.9 4.1
4.50 35.7 8.7 40.1 32.1 13.1 5.1
.
3000 3.00 40.2 22.2 45.0 36.0 27.0 18.0 49.5 33.0 31.5 15.0
3.25 39.6 20.1 44.4 35.5 24.9 16.0 48.8 32.6 29.3 13.1
3.50 39.1 18.1 43.9 35.1 22.9 14.1 48.3 32.2 27.3 11.2
3.75 38.8 16.3 43.5 34.8 21.0 12.3 47.9 31.9 25.4 9.4
4.00 38.5 14.5 43.2 34.5 19.2 10.5 47.6 31.7 23.6 7.7
4.25 38.3 12.8 42.9 34.3 17.4 8.8 47.4 31.6 21.9 6.1
4.50 38.1 11.1 42.8 34.2 15.8 7.2 47.2 31.5 20.2 4.5
4.75 38.0 9.5 42.6 34.1 14.1 5.6
5.00 37.9 7.9 42.6 34.0 12.6 4.0
3500 3.00 42.8 24.8 47.9 38.3 29.9 20.3 52.7 35.1 34.7 17.1
3.25 42.1 22.6 47.1 37.7 27.6 18.2 51.9 34.6 32.4 15.1
3.50 41.5 20.5 46.5 37.2 25.5 16.2 51.2 34.2 30.2 13.2
3.75 41.1 18.6 46.1 36.8 23.6 14.3 50.7 33.8 28.2 11.3
4.00 40.8 16.8 45.7 36.5 21.7 12.5 50.3 33.6 26.3 9.6
4.25 40.5 15.0 45.4 36.3 19.9 10.8 50.1 33.4 24.6 7.9
4.50 40.3 13.3 45.2 36.1 18.2 9.1 49.8 33.2 22.8 6.2
4.75 40.1 11.6 45.0 36.0 16.5 7.5 49.7 33.1 21.2 4.6
5.00 40.0 10.0 44.9 35.9 14.9 5.9
5.25 39.9 8.4 44.8 35.8 13.3 4.3
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R u n n i n g  t h e  f e n c e  o u t  p a s t  t h e  e l b o w
a l s o  p r o t e c t s  t h e  o v e r f l o w  -  m a i n t a i n i n g
the design criteria for the temporary ponding.
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6 . 3 .  M O D I F I E D  N A T U R A L
C A T C H M E N T S
S o m e  l i g h t  c l e a n i n g  o f  c o l l e c t i n g  d r a i n s
m a y  b e  n e c e s s a r y  a f t e r  a  f e w  y e a r s .  T h i s
a c t i v i t y  c a n  b e  c a r r i e d  o u t  w i t h  a  s t a -
t i o n  g r a d e r  w h e n  i t  i s  i n  t h e  a r e a  c a r r y -
i n g  o u t  o t h e r  t a s k s .
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6 . 4 .  R O A D E D  C A T C H M E N T S
Roaded catchments lose efficiency as vegetation
r e - e s t a b l i s h e s  i t s e l f  o n  t h e  c a t c h m e n t .
M i c r o - p o n d i n g  a n d  i n c r e a s e d  i n f i l t r a t i o n
i s  p r o m o t e d  b y  g r a z i n g  a n i m a l s  b r e a k -
i n g  t h e  c r u s t e d  s u r f a c e .  I f  t h e  c a t c h m e n t
is fenced, vegetation growth may be controlled
b y  h e a v y  s h o r t  t e r m  g r a z i n g  f o l l o w e d  b y
l o n g  n o n - g r a z i n g  p e r i o d s .  T h i s  a l l o w s
the surface crust to reform after the vegetation
h a s  b e e n  r e m o v e d .
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2.1.1. Testing soils for water holding
S o i l s  f r o m  a  p r o p o s e d  d a m  s i t e  s h o u l d
b e  g i v e n  a t  l e a s t  t h r e e  t e s t s  i n  s e q u e n c e ,
t h e s e  t e s t s  a r e
1 . h a n d  t e x t u r i n g  f o r  c l a y  c o n t e n t ;
2 . h a n d  m o u l d i n g  f o r  s t r e n g t h ;  a n d
3 . d i s p e r s i o n  t e s t  i n  d i s t i l l e d  w a t e r .
Hand Texturing
S o i l  f r o m  a  p r o p o s e d  d a m  p r o f i l e  m u s t
c o n t a i n  s u f f i c i e n t  c l a y  t o  p r e v e n t  d a m
l e a k a g e .  A  s o i l  c o n t a i n s  s u f f i c i e n t  c l a y
( i e .  i t  c o n t a i n s  a t  l e a s t  2 5  p e r  c e n t  c l a y )
i f  i t  h a n d  t e x t u r e s  a s  a  c l a y  o r  c l a y  l o a m .
D e s p i t e  s o m e  l i m i t a t i o n s ,  t h e  h a n d  t e x -
tu r ing  o f  so i l  p rov ides  a  u se fu l  f i e ld  gu ide
t o  w a t e r  h o l d i n g  c h a r a c t e r i s t i c s .
T h e  c l a y  c o n t e n t  c a n  b e  e s t i m a t e d  b y
squeezing mois t  so i l  out  be tween the  thumb
a n d  f o r e f i n g e r  i n t o  a  r i b b o n  2  t o  3  m m
t h i c k .  I f  a  c o n t i n u o u s  r i b b o n  5 0  m m  o r
l o n g e r  c a n  b e  f o r m e d ,  t h e  s o i l  c o n t a i n s
e n o u g h  c l a y .
Strength
T h e  s t r e n g t h  o f  a  d a m  s i t e  s o i l  r e l a t e s
d i r e c t l y  t o  s o i l  h y d r a u l i c  c o n d u c t i v i t y
a n d  s t a b i l i t y .  T h e  s t r e n g t h  o f  a  s o i l  c a n
b e  e s t i m a t e d  b y  m o u l d i n g  t h e  s o i l  w h e n
i t  c o n t a i n s  e n o u g h  m o i s t u r e  t o  b e  p l a s -
t i c .
A  s t r o n g  s o i l  h a s  s u p e r i o r  w a t e r  h o l d -
i n g  c h a r a c t e r i s t i c s .  T h a t  i s ,  t h e  s o i l  i s
s t i f f ,  w i t h  a  h i g h  r e s i s t a n c e  t o  d e f o r m a -
t i o n  w h e n  i t s  m o i s t u r e  c o n t e n t  i s  s u c h
t h a t  i t  s t a r t s  t o  c r u m b l e  w h e n  m a n i p u -
l a t e d .
A  w e a k  c l a y ,  o n  t h e  o t h e r  h a n d ,  i s  v e r y
s o f t  a n d  e a s i l y  d e f o r m e d .  I t  i s  u s u a l l y
t h e s e  w e a k  c l a y s  t h a t  c a u s e  p i p i n g  f a i l -
u r e  i n  d a m s .  T h e s e  c l a y s  s h o u l d  b e  t e s t e d
f o r  d i s p e r s i o n .
Dispersion
D i f f e r e n t  s o i l s  s h o w  v a r y i n g  d e g r e e s  o f
d i s p e r s i o n .  T h e  d e g r e e  o f  d i s p e r s i o n  o f
s o i l  a g g r e g a t e s  i s  j u d g e d  v i s u a l l y  a f t e r
i m m e r s i o n  i n  d i s t i l l e d  w a t e r  f o r  2 0  h o u r s .
Soils with more that 25 per cent clay
S o i l s  t h a t  a r e  s t r o n g  a n d  s h o w  n o  d i s -
p e r s i o n  s h o u l d  a l s o  b e  s t u d i e d  c l o s e l y
for  s t ruc ture .  Wel l - s t ruc tured  so i l s  (b locky
p e d s )  m a y  l e a k .  T h e s e  s h o u l d  b e  a v o i d e d
o r  f u r t h e r  t e s t e d  f o r  d i s p e r s i o n  i n  s o -
d i u m  t r i p o l y p h o s p h a t e  ( S T P P )  s o l u t i o n s
t o  d e t e r m i n e  i f  t h e  u s e  o f  S T P P  m i g h t
b e  a  p o s s i b l e  s e a l i n g  t e c h n i q u e .  ( S T P P
is  a  chemical  used to  improve water-holding
c h a r a c t e r i s t i c s  o f  s o m e  s o i l s ) .
P r e - t e x t u r i n g  s o i l  s a m p l e s  l a i d  o u t ;  z e r o  t o
s e v e n  m e t r e s  d e p t h ,  i n  o n e  m e t r e  p r o f i l e
i n t e r v a l s
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Weak so i l s  tha t  comple te ly  d i sperse  should
b e  a v o i d e d  a s  t h i s  i n d i c a t e s  t h e  p o s s i -
bility of piping, but weak soils with moderate
d i s p e r s i o n  a r e  g e n e r a l l y  s u i t a b l e  f o r  d a m
c o n s t r u c t i o n .  S o i l s  t h a t  s h o w  n i l  o r  s l i g h t
d i s p e r s i o n  s h o u l d  b e  t e s t e d  w i t h  S T P P .
Soils with less than 25 per cent clay
S t r o n g  s o i l s  w i t h  l e s s  t h a n  2 5  p e r  c e n t
c l a y  s h o u l d  d i s p e r s e  m o d e r a t e l y  i f  t h e y
a r e  t o  h o l d  w a t e r .  I f  d i s p e r s i o n  i s  n i l  o r
s l i g h t ,  t h e y  w i l l  l e a k  a n d  r e q u i r e  t e s t -
i n g  w i t h  S T P P .
D i s p e r s i o n  t e s t s  s h o u l d  b e  c a r r i e d  o u t
on air  dry aggregates  in solut ions of  varying
c o n c e n t r a t i o n s  o f  S T P P  t o  d e t e r m i n e  t h e
a m o u n t  o f  S T P P  t o  d i s s o l v e  i n  t h e  d a m
w a t e r .  C o n c e n t r a t i o n s  o f  S T P P  u s e d  t o
t e s t  d i s p e r s i o n  a r e  0 . 0 5 ,  0 . 1 ,  0 . 2 ,  0 . 3
a n d  0 . 4  g / L .  T h e  a i r - d r i e d  a g g r e g a t e s  a r e
p l a c e d  i n  t h e s e  s o l u t i o n s  a n d  r a t e d  a f t e r
2 0  h o u r s .  A  s c o r e  o f  0  t o  4  i s  u s e d  t o
r a t e  t h e  d e g r e e  o f  d i s p e r s i o n .  A  k e y  f o r
t e s t i n g  s o i l s  i s  s h o w n  i n  F i g u r e  3 .
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2 . 2 .  C A T C H M E N T S
T h e  c a t c h m e n t  i s  t h e  p i v o t a l  e l e m e n t  o f
a  s u r f a c e  w a t e r  h a r v e s t i n g / s t o r a g e  s y s -
t e m  a n d  s h o u l d  n o t  b e  n e g l e c t e d  d u r i n g
site evaluation. The purpose of the catchment
i s  t o  c o l l e c t  a n d  t r a n s m i t  s u r f a c e  r u n o f f
i n  s u f f i c i e n t  v o l u m e  t o  f u l l y ,  b u t  s a f e l y ,
s e r v i c e  t h e  s t o r a g e  v o l u m e  o f  t h e  d a m .
F i g u r e  2 a .  S o i l  a g g r e g a t e  s h o w i n g
n o  d i s p e r s i o n  ( S c o r e  0 ) ,  n o t e  h o w
t h e  o r i g i n a l  1  -  2  m m  a g g r e g a t e
h a s  s l a k e d  i n t o  f i n e r  a g g r e g a t e s .
F i g u r e  2 b .  S o i l  a g g r e g a t e  s h o w i n g
s l i g h t  d i s p e r s i o n  ( S c o r e  1 ) ,  s e e n
b y  a  s l i g h t  m i l k i n e s s  o f  t h e  w a t e r
a d j a c e n t  t o  t h e  a g g r e g a t e .
F i g u r e  2 c .  M o d e r a t e  d i s p e r s i o n  o f
a g g r e g a t e  ( S c o r e  2 ) .
F i g u r e  2 d .  S t r o n g  d i s p e r s i o n
( S c o r e  3 ) ,  j u s t  o v e r  h a l f  t h e
a g g r e g a t e  h a s  d i s p e r s e d ;  t h e r e  i s
c o n s i d e r a b l e  m i l k i n e s s .
F i g u r e  2 e .  C o m p l e t e  d i s p e r s i o n  o f  a g g r e g a t e  l e a v i n g
o n l y  s a n d  g r a i n s  i n  a  c l o u d  o f  d i s p e r s e d  c l a y  ( s c o r e  4 )
.  S l a k e d  a g g r e g a t e  a l s o  s h o w n  f o r  c o m p a r i s o n .
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T h e  m e t h o d  o f  c o n s t r u c t i o n  d e p e n d s  o n
t h e  a m o u n t  o f  s o i l  a v a i l a b l e .  T h r e e  t y p e s
o f  c o n s t r u c t i o n  c a n  b e  u s e d .
T h e  c l a y  b l a n k e t  m e t h o d  i s  f r e q u e n t l y
u s e d  i n  W e s t e r n  A u s t r a l i a  f o r  b u l l d o z e r
cons t ruc t ed  dams .  The  c l ay  b l anke t  shou ld
b e  a t  l e a s t  6 0  c m  t h i c k .  C o m p a c t i o n  i s
a i d e d  i f  t h e  c l a y  i s  s l i g h t l y  d a m p .
A l l o w  f o r  s e t t l e m e n t  t h a t  c a n  b e  a s  h i g h
a s  1 0  p e r  c e n t  i n  c l a y  w a l l  d a m s .  T h e
c e n t r e  o f  t h e  d a m  w a l l  s h o u l d  b e  a t  l e a s t
1 0  p e r  c e n t  h i g h e r  t h a n  t h e  e n d .
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6 .  D A M / C AT C H M E N T
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M A I N T E N A N C E
P r o v i d e d  t h e  d e s i g n  c r i t e r i a  a n d  c o r r e c t
c o n s t r u c t i o n  m e t h o d  h a v e  b e e n  f o l l o w e d
there should be a minimal amount of maintenance
r e q u i r e d .  H o w e v e r ,  t h e r e  a r e  a  f e w  p o i n t s
w o r t h  n o t i n g .
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6 . 1 .  I N L E T
A  t r a s h  c a t c h e r  s h o u l d  b e  i n s t a l l e d  a t
t h e  i n l e t  t o :
a ) p r e v e n t  d e b r i s ,  s u c h  a s  s m a l l  b r a n c h e s ,
get t ing  wedged in  the  in le t  p ipe ,  caus ing
b l o c k a g e s ;
b ) r e s t r i c t  t h e  a m o u n t  o f  o r g a n i c  m a t t e r
w h i c h  f i n d s  i t s  w a y  i n t o  t h e  d a m .
W h e r e  a  c o n c r e t e  a b u t m e n t  a n d  a p r o n  h a s
been  cons t ruc t ed  a t  t he  i n l e t  a  ‘ f i r e  gua rd ’
s t y l e  t r a s h  c a t c h e r  i s  a d e q u a t e .  A f t e r  e a c h
r u n - o f f  e v e n t  i t  m a y  b e  n e c e s s a r y  t o  c l e a n
t h e  c a t c h e r .
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6 . 2 .  W I N G B A N K S
One of  the major  causes  of  wingbank fai lure
i s  t ha t  o f  s tock  pads .  Con t inued  t r ave r s ing
o f  w i n g b a n k s  b y  s t o c k  c r e a t e s  p a d s  t h a t
g r a d u a l l y  r e d u c e  t h e  e f f e c t i v e  f r e e b o a r d
o n  t h e  t e m p o r a r y  p o n d i n g  a r e a .  S u r g e
c a u s e d  b y  a  h i g h  i n t e n s i t y  r a i n f a l l  e v e n t
may precipitate bank overtopping and breaching.
O n e  w a y  t o  o v e r c o m e  t h i s  i s  t o  r u n  a
livestock fence along the top of the wingbank.
F i g u r e  1 7 .  D i a g r a m  o f  w i n g b a n k  f e n c e
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S i m p l e  t e s t s  c a n  g i v e  a  g u i d e  a s  t o  t h e
c lay  con ten t  and  wa te r  ho ld ing  capac i ty
o f  a  s o i l .
S e e  s e c t i o n  o n  T e s t i n g  s o i l s  f o r  w a t e r
h o l d i n g .
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5 . 5 .  S P I L LWAY
I n  m a n y  g u l l y  d a m s  t h e  s p i l l w a y  i s  b u i l t
w i t h o u t  c o n s i d e r i n g  t h e  q u a n t i t y  o f  w a -
t e r  i t  m a y  c a r r y  d u r i n g  p e r i o d s  o f  p e a k
f l o w .
Under no circumstances should water overtop
the wal l  as  the  resul t  of  inadequate  spi l lway
capac i ty  o r  l ack  o f  f r eeboard .  Over topp ing
i s  c e r t a i n  t o  c a u s e  d a m  f a i l u r e .
B u i l d  t h e  s p i l l w a y  t o  c o n v e y  o v e r f l o w
w a t e r  a t  a s  l o w  a  g r a d i e n t  a s  p o s s i b l e  -
p r e f e r a b l y  n o  g r e a t e r  t h a n  0 . 2 5  p e r  c e n t .
I t  m a y  b e  n e c e s s a r y  t o  p r o t e c t  t h e  v e g -
e t a t i o n  o n  t h e  s p i l l w a y  b y  f e n c i n g .  A
g o o d  c o v e r  o f  v e g e t a t i o n  w i l l  h e l p  p r o -
t e c t  t h e  s p i l l w a y  f r o m  e r o s i o n .
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5 . 6 .  W A L L  D E S I G N  A N D
C O N S T R U C T I O N
B e f o r e  d a m  c o n s t r u c t i o n  s t a r t s  t h e  a r e a
t o  b e  c o v e r e d  b y  t h e  w a l l  a n d  t h e  a r e a
being used for excavation should be str ipped
o f  v e g e t a t i o n  a n d  t o p s o i l .
W a l l  s l o p e s  s h o u l d  b e  3 : 1  o n  t h e  u p -
s t r e a m  s i d e  a n d  2 : 1  o n  t h e  d o w n s t r e a m
s i d e .  F o r  a  h i g h  e a r t h  w a l l ,  m a k e  t h e
upstream slope flatter to lessen the likelihood
o f  s o i l  s l i p .  C u t  a  t r e n c h  i n t o  i m p e r v i -
o u s  m a t e r i a l  a l o n g  t h e  f u l l  l e n g t h  o f  t h e
d a m  w a l l .  T h i s  t r e n c h  m a y  b e  q u i t e  d e e p
in the lowest  sect ion i f  there  is  a  s t reambed.
R i p  t h e  b o t t o m  o f  t h e  t r e n c h  t o  p r o m o t e
g o o d  b i n d i n g  w i t h  t h e  s o i l  f i l l .  T h e  t r e n c h
i s  t h e n  f i l l e d  w i t h  i m p e r v i o u s  c l a y  d e -
posited in 100 mm thick layers and compacted.
T o  p r e v e n t  d a m  f a i l u r e  t h e  w a l l  m u s t  b e
h i g h e r  t h a n  t o p  w a t e r  l e v e l .  T h i s  a d d i -
t i o n a l  h e i g h t  i s  c a l l e d  f r e e b o a r d .
F r
F r e e b o a r d  m u s t  b e  a  m i n i m u m  o f  1 . 5  m
( a f t e r  a l l o w i n g  f o r  w a l l  s e t t l e m e n t )  t o
reduce  the  l ike l ihood  of  dam fa i lu re  dur ing
f l a s h  f l o o d i n g  a n d  h i g h  w i n d s .  S o m e t i m e s
2  m  o f  f r e e b o a r d  m a y  b e  n e c e s s a r y .
F i g u r e  1 4 .  T h e  w a l l  c o n s t r u c t e d  t h r o u g h o u t  w i t h
a n  i m p e r m e a b l e  s o i l .
F i g u r e  1 6 .  T h e  w a l l  c o n s t r u c t e d  w i t h  p e r m e a b l e
s o i l  e x c e p t  f o r  a  l a y e r  o f  i m p e r m e a b l e  s o i l  o n
t h e  u p s t r e a m  s i d e ,  k n o w n  a s  a  “ c l a y  b l a n k e t ” .
F i g u r e  1 5 .  T h e  w a l l  c o n s t r u c t e d  w i t h  a  c e n t r a l
c o r e  o f  i m p e r m e a b l e  s o i l  s u r r o u n d e d  b y  p e r m e -
a b l e  s o i l .
11
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T h e  v o l u m e  o f  w a t e r  c o l l e c t e d  i n  a  d a m
will depend on the amount of runoff generated
b y  t h e  c a t c h m e n t ,  a n d  h o w  e f f i c i e n t l y
t h a t  r u n o f f  i s  c h a n n e l l e d  t o  t h e  d a m .
D u r i n g  r a i n f a l l  e v e n t s ,  m o s t  o f  t h e  w a -
ter  remains on-si te  and inf i l t ra tes  or  surface
p o n d s .  O n l y  a  s m a l l  p r o p o r t i o n  l e a v e s
t h e  p o i n t  o f  i m p a c t  a s  s u r f a c e  r u n o f f .
T h e  a i m  m u s t  b e  t o  m a x i m i s e  t h e  c o l -
l e c t i o n  o f  t h i s  r u n o f f  w a t e r .  T o  a c h i e v e
h i g h  c o l l e c t i o n  e f f i c i e n c y ,  i n f i l t r a t i o n
a n d  t r a n s m i s s i o n  l o s s e s  m u s t  b e  m i n i -
m i s e d .
F i g u r e  4  i l l u s t r a t e s  t h e  v a r i o u s  p a t h w a y s
t a k e n  b y  r a i n f a l l  o n  a  c a t c h m e n t .
To compute the likely annual runoff production
f r o m  a  c a t c h m e n t  t h e  f o l l o w i n g  i n f o r -
m a t i o n  i s  r e q u i r e d :
1. size of catchment;
2. modal* annual rainfall;
F i g u r e  3 .  A  k e y  f o r  t e s t i n g  s o i l s
3. estimated runoff percentage.
Catchment production (m3) = A x R x P x 10
where: A = catchment area (ha)
R = modal annual rainfall (mm)
P = estimated runoff (%)
1 mm from 1 ha = 10 m3, hence the x 10 factor in the
equation
An example:
A = 30 ha
R = 200 mm
P = 15%
Catchment production (m3) = 30 x 200 x 15 x 10
= 9000 m3
* Modal annual rainfall is the annual rainfall that a
station most frequently receives. It is always a lower
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F i g u r e  5 .  A  c r o s s  s e c t i o n  o f  a  t y p i c a l  c a t c h m e n t
d r a i n .
E s t i m a t i o n  t h e  r u n o f f  p e r c e n t a g e  i s  r e -
quired  to  ca lcula te  a  meaningful  product ion
f i g u r e .  I f  i n  d o u b t ,  e r r  o n  t h e  l o w  s i d e
a n d  d e s i g n  t h e  e a r t h w o r k s  t o  h a n d l e  a n y
e x c e s s  f l o w s .
T h e  r i s k s  o f  s o i l  a n d  v e g e t a t i o n  d e g r a -
dation must be evaluated at the dam/catchment
s i t e  b e f o r e  c o n s t r u c t i o n .  B e c a u s e  l i v e -
s t o c k  c o n c e n t r a t i o n s  c o u l d  l e a d  t o  a c -
c e l e r a t e d  v e g e t a t i o n  a n d  s o i l  l o s s ,  p o -
t e n t i a l  p r o b l e m  a r e a s  s h o u l d  b e  a v o i d e d .
I f  s u f f i c i e n t  l e a d  u p  t i m e  i s  a v a i l a b l e ,  a
‘flow-meter’ can be established on a potential
c a t c h m e n t  t o  g i v e  a n  i n d i c a t i o n  o f  o v e r -
l a n d  f l o w .  T h e s e  ‘ f l o w - m e t e r s ’  c o n s i s t
o f  a  c o u p l e  o f  s t e e l  p i c k e t s  d r i v e n  i n t o
t h e  g r o u n d  a  m e t r e  a p a r t  a n d  a t  r i g h t
a n g l e s  t o  t h e  e x p e c t e d  d i r e c t i o n  o f  f l o w .
A  c o u p l e  o f  l a y e r s  o f  c h i c k e n  n e t t i n g
are then placed between the pickets. Evidence
o f  o v e r l a n d  f l o w  c a n  b e  f o u n d  f o l l o w -
i n g  a  r a i n f a l l  e v e n t ,  i e .  v e g e t a t i v e  d e -
b r i s  o n  t h e  w i r e  f o r m i n g  a  t i d e  l i n e .
2.2.1. Modifying natural catchments
E a r t h  m o v i n g  e q u i p m e n t  c a n  b e  u s e d  t o
i m p r o v e  t h e  e f f e c t i v e n e s s  o f  t h e  w a t e r
h a r v e s t i n g  s y s t e m  i n  f o u r  w a y s .
2.2.1.1. Increasing catchment size
By cons t ruc t ing  surveyed  co l l ec t ing  d ra ins
a w a y  f r o m  t h e  d a m  o n  a  g r a d e  o f  a b o u t
0 . 2 5 % ,  i t  i s  p o s s i b l e  t o  h a r v e s t  w a t e r
t h a t  w o u l d  o t h e r w i s e  b y - p a s s  t h e  d a m .
B y  e x t e n d i n g  t h e s e  d r a i n s  i t  i s  s o m e -
times possible to ‘steal’ runoff from neighbouring
c a t c h m e n t s .  A s  t h e r e  i s  s o m e  f l e x i b i l i t y
in the grade used for  the drain,  i t  i s  possible
to  avoid  heavy t imber  tha t  cannot  be  moved
w i t h  a  g r a d e r .  T h e  c o l l e c t i n g  d r a i n  m u s t
b e  c o n s t r u c t e d  t o  a l l o w  f o r  l a r g e  f l o w s
o f  w a t e r  t h a t  c a n  o c c u r  d u r i n g  t h u n d e r -
s t o r m s  a n d  a l s o  i n  a  w a y  t h a t  w i l l  m i n i -
m i s e  e r o s i o n .
2.2.1.2. Concentrating overland flow
O v e r l a n d  f l o w  o n  t h e  s o i l  s u r f a c e  t e n d s
to  be  ineff ic ient  because  of  surface  ponding
a n d  i n f i l t r a t i o n .  T o  r e d u c e  t h e s e  i n e f f i -
c i e n c i e s  c o l l e c t i n g  d r a i n s ,  t o  i n t e r c e p t
and concentrate these flows, can be constructed.
C h a n n e l l i n g  o f  f l o w  r e d u c e s  t r a n s m i s -
s i o n  l o s s e s ,  h e n c e  i n c r e a s i n g  t h e  r u n o f f
c o l l e c t e d  a t  t h e  d a m .  T h e s e  i n t e r c e p t i n g
drains  can e i ther  be  discharged onto  natura l
d r a i n a g e  l i n e s  o r  t h r o u g h  a  s y s t e m  o f
d r a i n s  t h a t  d i r e c t  r u n o f f  t o  t h e  d a m .
2.2.1.3. Increasing transmission efficiency
S o m e  c a t c h m e n t s  b e g i n  f l o w i n g  i n  t h e
o u t e r  a r e a s  w h i l e  i t  i s  r a i n i n g  b u t  t h e
w a t e r  i s  l o s t  b e f o r e  i t  r e a c h e s  t h e  d a m .
F o r  e x a m p l e ,  d r a i n a g e  l i n e s  m a y  d i s p e r s e
F i g u r e  4 .  S c h e m a t i c  d i a g r a m  o f  r a i n f a l l / r u n - o f f
p a t h w a y .
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V o l u m e  o f  d a m  w a l l  =  c r o s s  s e c t i o n  a r e a
of  the  wal l  a t  maximum he igh t  x  1 /2  l eng th
o f  w a l l .
C r o s s  s e c t i o n  =  t  x  h  +  1 / 2  x  5  h 2
w h e r e :
h =  h e i g h t  o f  w a l l
t =  t o p  w i d t h  o f  w a l l
w =  l e n g t h  o f  w a l l
V o l u m e  o f  w a l l  =  ( t  x  h  +  5  h 2)  w / 2
                                       2
U s i n g  t h e  d i m e n s i o n s  f r o m  F i g u r e  1 3  t h e
c a l c u l a t i o n  i s :
V  =  [ ( 3  x  6 )  x  ( 5  x  3 6 ) ]  x  1 4 0
                  2 2
V  =  ( 1 8  +  9 0 )  7 0
V  =  1 0 8  x  7 0
V  =  7 5 6 0  m 3
These formulae apply to V shaped catchments.
I f  the  ca tchment  i s  wider  (eg  bas in  shaped)
t h e  v o l u m e  o f  w a t e r  h e l d  a b o v e  g r o u n d
m a y  i n c r e a s e  b y  u p  t o  5 0  p e r  c e n t .
P r o v i d i n g  e a r t h  f o r  t h e  d a m  w a l l  c o m e s
f r o m  w i t h i n  t h e  a r e a  t o  b e  c o v e r e d  b y
w a t e r ,  t h e  a m o u n t  o f  w a t e r  i m p o u n d e d
w i l l  b e  t h e  a d d i t i o n a l  t o  t h e  w a t e r  h e l d
a b o v e  g r o u n d  l e v e l  a n d  t h e  v o l u m e  o f
t h e  w a l l  i t s e l f .
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5 . 3 .  C A T C H M E N T
T h e  c a t c h m e n t  f e e d i n g  t h e  w a t e r w a y  m u s t
p r o d u c e  e n o u g h  r u n o f f  t o  f i l l  t h e  d a m  i n
a l l  y e a r s .
A l s o  s e e  s e c t i o n  o n  C a t c h m e n t ,  i n  E x -
c a v a t e d  e a r t h  t a n k s
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5 . 4 .  F O U N D A T I O N S
D r i l l  t e s t  h o l e s  w i t h  a n  a u g e r  o v e r  t h e
whole  excavat ion  area  to  measure  the  depth
o f  t o p s o i l  a n d  c h e c k  t h a t  c l a y  i s  p r e s e n t ;
alternatively, use a backhoe. If large amounts
o f  t o p s o i l  m u s t  b e  r e m o v e d  b e f o r e  c l a y
i s  r e a c h e d ,  t h e  c o s t  o f  t h e  w a l l  r i s e s
c o n s i d e r a b l y .
D o  n o t  s i t e  a  g u l l y  d a m  o n :
• a  g r a v e l  s e a m ,
• a  s a n d  s e a m ,
• g r o u n d - w a t e r  s e e p a g e  a r e a s .
I t  i s  d i f f i c u l t  t o  s e a l  a  d a m  w a l l  b u i l t
on  rock  and rock s i tes  should  be  avoided
w h e r e  p o s s i b l e .
S o i l  u s e d  f o r  t h e  w a t e r  h o l d i n g  p a r t
o f  a  d a m  w a l l  s h o u l d  c o n t a i n  a b o u t
2 5  p e r  c e n t  c l a y .  H o w e v e r ,  s i g n i f i -
c a n t  i m p r o v e m e n t s  i n  w a t e r  r e t e n t i o n
a n d  b a n k  s t r e n g t h  c a n  b e  a c h i e v e d  b y
compact ion by a  sui tably  bal las ted  s ta t ic
s h e e p ’ s  f o o t  o r  v i b r a t i n g  r o l l e r .
F i g u r e  1 3 .  D i m e n s i o n s  n e e d e d  t o  c a l c u l a t e
v o l u m e  o f  d a m  w a l l .
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Dam des ign  fo r  pas to ra l  s tock  water  supp l ies
m u s t  b e  t a k e n  t o  e n s u r e  t h a t  t h e  w a t e r
f r o m  t h e  o v e r f l o w  c a n n o t  e r o d e  t h e  w a l l
o f  t h e  t u r k e y  n e s t .
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4 . 5 .  F I L L I N G
T h e  i n i t i a l  f i l l i n g  s h o u l d  b e  s l o w  t o  a l -
l o w  t h e  c l a y  t o  m o i s t e n  a n d  s e a l .  N e w
t u r k e y  n e s t s  s h o u l d  b e  f i l l e d  a s  s o o n  a s
p r a c t i c a l  a f t e r  c o n s t r u c t i o n .  I f  l e f t  f o r  a
c o u p l e  o f  s e a s o n s ,  t h e  c l a y  i n  t h e  w a l l
w i l l  d r y  o u t  a n d  o n  f i l l i n g  f a i l u r e  i s  m o r e
l i k e l y .
I t  i s  g o o d  p o l i c y  t o  m a i n t a i n  t u r k e y  n e s t s
fu l l  even  when  no t  in  use .  This  wi l l  g rea t ly
r e d u c e  i n t e r n a l  s i l t i n g  c a u s e d  b y  h e a v y
r a i n  o n  t h e  d r y  s t e e p  b a n k s .
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5 .  G U L LY  D A M S
A  g u l l y  d a m  i s  a n  e a r t h  w a l l  p u t  a c r o s s
a  w a t e r c o u r s e  t o  i m p o u n d  w a t e r .  N a t u -
r a l  w a t e r w a y s  o r  d r a i n a g e  l i n e s  a r e  t h e
u s u a l  s i t e s  f o r  g u l l y  d a m s .
A s  g u l l y  d a m s  i m p o u n d  w a t e r  i n  a  v a l -
l ey  they  requ i re  cons iderab le  ca re  in  s i t ing
a n d  c o n s t r u c t i o n .  A  g u l l y  d a m  i f  c o r -
r e c t l y  s i t e d  s h o u l d  h a v e  a  s t o r a g e / e x c a -
v a t i o n  r a t i o  o f  a t  l e a s t  4 : 1 .  T h e  h i g h e r
t h i s  r a t i o  t h e  l o w e r  t h e  c o s t  p e r  u n i t  o f
wa te r  s t o r ed .  The  s to r age / excava t ion  r a t i o
i s  t h e  v o l u m e  o f  w a t e r  s t o r e d  d i v i d e d
b y  t h e  v o l u m e  o f  e a r t h  m o v e d .
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5 . 1 .  S I T E  S E L E C T I O N
T h e  a r e a  m u s t  b e  s u r v e y e d  t o  c a l c u l a t e
t h e  v o l u m e  a n d  d e p t h  o f  w a t e r  t h a t  c a n
b e  i m p o u n d e d  a n d  t h e  v o l u m e  o f  e a r t h
r e q u i r e d  f o r  w a l l  c o n s t r u c t i o n .
D u r i n g  t h e  s u r v e y ,  p e g s  a r e  p l a c e d  a t
t h e  e n d s  o f  t h e  p r o p o s e d  d a m  w a l l  a n d
a r o u n d  t h e  e d g e  o f  t h e  a r e a  c o v e r e d  b y
w a t e r .
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5 . 2 .  D E S I G N  F O R M U L A  U S E D
V o l u m e  o f  w a t e r  s t o r e d  a b o v e  g r o u n d  =
a r e a  o f  t h e  ‘ t r i a n g l e  o f  w a t e r ’  a g a i n s t
t h e  w a l l  x  1 / 3  w a t e r  r e a c h .
V  =  1 / 2  x  L  x  H  x  R / 3
w h e r e :
L =  l e n g t h  o f  w a t e r  o n  w a l l
H =  h e i g h t  o f  w a t e r  o n  w a l l
R =  r e a c h  o f  w a t e r
T h e  v o l u m e  s t o r e d  i n  t h e  g u l l y  d a m  i l -
l u s t r a t e d  i n  F i g u r e  1 2  w o u l d  b e :
V =  1 / 2  x  1 0 0  x  4  x  2 0 0
  3
V =  1 / 2  x  4 0 0  x  2 0 0
    3
V =  1 3 , 3 3 3  m 3
T h e  v o l u m e  o f  t h e  d a m  w a l l  i l l u s t r a t e d
i n  F i g u r e  1 3  c a n  b e  c a l c u l a t e d  a s  f o l -
l o w s .
F i g u r e  1 2 .  D i m e n s i o n s  n e e d e d  t o  c a l c u l a t e  t h e
v o l u m e  o f  a  g u l l y  d a m .
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Dam des ign  fo r  pas to ra l  s tock  water  supp l ies
or form braided sandy washes. These inefficiencies
are only overcome when the rainfall  quanti ty
i s  h i g h .  I t  m a y  b e  p o s s i b l e ,  h o w e v e r ,  t o
r e d i r e c t  t h e  d r a i n a g e  b y  c o n s t r u c t i n g  b y -
p a s s  d r a i n s .  T h e s e  d r a i n s  m a y  n o t  n e c -
e s s a r i l y  t a k e  t h e  m o s t  d i r e c t  r o u t e  t o
the dam but by keeping the flow channellised,
r e d u c e d  t r a n s m i s s i o n  l o s s  r e s u l t  i n  h i g h e r
volume discharge into the dam. When selecting
n e w  s i t e s  c a t c h m e n t s  w i t h  t h e s e  p r o b -
l e m  a r e a s  s h o u l d  b e  a v o i d e d .
T h e  u s e  o f  t h e s e  t e c h n i q u e s  w i l l  n o t  o n l y
i n c r e a s e  t h e  v o l u m e  o f  w a t e r  h a r v e s t e d ,
b u t  s h o u l d  a l s o  h a v e  t h e  b e n e f i t  o f  i n -
c r e a s i n g  t h e  n u m b e r  o f  r u n o f f  e v e n t s ,
a s  s m a l l e r ,  l e s s  i n t e n s e  r a i n f a l l  e v e n t s
w i l l  h a v e  m o r e  c h a n c e  o f  d e l i v e r i n g  w a -
t e r  t o  t h e  d a m .
2.2.1.4. Roaded catchments
A  r o a d e d  c a t c h m e n t  i s  b a s i c a l l y  a n  a r e a
o f  b a r e ,  c o m p a c t e d  g r o u n d  w i t h  a r t i f i -
c i a l ly  cons t ruc ted  s lopes .  Wate r  shed  f rom
t h e  s u r f a c e  o f  t h e  ‘ r o a d s ’  h a s  o n l y  a  s h o r t
d i s t a n c e  t o  t r a v e l  t o  r e a c h  t h e  t r o u g h
b e t w e e n  e a c h  p a i r  o f  r o a d s .  T h e  t r o u g h
c o n c e n t r a t e s  t h e  w a t e r  t h u s  r e d u c i n g  t h e
s u r f a c e  a r e a  a v a i l a b l e  f o r  b o t h  i n f i l t r a -
t i o n  a n d  e v a p o r a t i o n .  F r o m  t h e  t r o u g h s ,
t h e  w a t e r  f l o w s  v i a  a  c o n t o u r e d  c o l l e c t -
i n g  d r a i n  t o  t h e  d a m .  T h e  o b j e c t  i s  t o
a c h i e v e  a  b a s i c  d e s i g n  t h a t  w i l l  m a x i m -
ise  runoff  yield without  creat ing ear thworks
e ros ion .  In  th i s  r e spec t ,  s t r i c t ly  con t ro l l ed
g r a d e s  a r e  v i t a l .  A s  t h e r e  a r e  f a i r l y  n a r -
r o w  l i m i t s  f o r  t h e  g r a d e s ,  j u d g i n g  t h e
l e v e l s  b y  e y e  i s  i n a d e q u a t e .  T h e  u s e  o f
a  s u r v e y o r ’ s  l e v e l  i s  e s s e n t i a l .  O n  m o s t
s l o p i n g  c o u n t r y  t h e  r o a d s  o n  t h e  c a t c h -
m e n t  w i l l  n o t  b e  s t r a i g h t .  M i n o r  a d j u s t -
m e n t s  c a n  b e  m a d e  t o  t h e  s u r v e y e d  r o a d
a l i g n m e n t s  t o  a i d  p r a c t i c a l  c o n s t r u c t i o n
m e t h o d s .
U n s u i t a b l e  s o i l  t y p e s  f o r  r o a d e d  c a t c h -
m e n t s  a r e :
• v e r y  h e a v y  c l a y s  t h a t  a r e  v e r y  s t i c k y
w h e n  w e t ,  b u t  s h r i n k  a n d  c r a c k  w h e n
d r y ;
• v e r y  f r i a b l e ,  c r u m b l y  c l a y s :  t h e s e  a r e
o f t e n  f o u n d  i n  c r a b - h o l e  c o u n t r y  a n d
h a v e  w h i t i s h  m o d u l e s  o f  l i m e  a t  v a r i -
o u s  d e p t h s ,  t h e y  d o  n o t  c o m p a c t  w e l l
a n d  s o m e  e r o d e  e a s i l y  l e a d i n g  t o  s e -
v e r e  s i l t i n g  o f  t h e  d r a i n s ;
• c o u r s e  g r a v e l s  w i t h  l i t t l e  c l a y  c o n -
t e n t ;
• l o o s e  s a n d s .
F i r s t  a t t e m p t s  a t  r o a d e d  c a t c h m e n t  d e -
s i g n  a n d  c o n s t r u c t i o n  s h o u l d  n o t  p r o c e e d
w i t h o u t  t e c h n i c a l  s u p p o r t  f r o m  s o m e o n e
f a m i l i a r  w i t h  t h e  s u b j e c t .
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3 .  E X C AVAT E D  E A R T H  TA N K
T h e  m a i n  t y p e  o f  d a m  e m p l o y e d  i n  t h e
p a s t o r a l  a r e a s  i s  t h e  e x c a v a t e d  e a r t h  t a n k
t y p e .
W h e n  b u i l d i n g  a  d a m  i t  i s  i m p o r t a n t  t o
r e m e m b e r  w h o  i s  p a y i n g  f o r  t h e  c a p i t a l
o u t l a y .  T h e  c o n t r a c t o r  i s  e m p l o y e d  t o
b u i l d  t h e  s y s t e m  t o  s p e c i f i c a t i o n ,  t h u s
e n s u r i n g  t h e  c o n s t r u c t i o n  o f  a n  e f f i c i e n t
and  ma in tenance - f r ee  s to rage  f ac i l i t y .  The
c o s t s  i n v o l v e d  a r e  h i g h  a n d  t h e  g r e a t e s t
s a v i n g s  c a n  b e  m a d e  b y  e m p l o y i n g  a n
e x p e r i e n c e d  d a m - s i n k e r  s i g n i f i c a n t  s a v -
i n g s  m a y  b e  a c h i e v e d .  A d e q u a t e  s u p e r -
v i s i o n  d u r i n g  c o n s t r u c t i o n  i s  r e q u i r e d  t o
e n s u r e  t h a t  t h e  d a m  i s  b e i n g  b u i l t  t o  d e -
s i g n  a n d  t h a t  t i m e  s a v i n g  s h o r t  c u t s  a r e
n o t  a t  t h e  e x p e n s e  o f  s o u n d  e n g i n e e r i n g
p r i n c i p l e s .
T h e  f o l l o w i n g  i s  a  c h e c k l i s t  o f  t h e  p r o -
c e d u r e  t h a t  s h o u l d  b e  f o l l o w e d  d u r i n g
t h e  c o n s t r u c t i o n  p h a s e .
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Dam des ign  fo r  pas to ra l  s tock  water  supp l ies
F i g u r e  6 .  C o n f i r m i n g  a  3  i n  1  b a t t e r  s l o p e
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3 . 1 .  B E F O R E  E X C AVA T I O N
C l e a r  t h e  s i t e  b y  r e m o v i n g  v e g e t a t i o n
a n d  a n y  s a n d  o r  g r a v e l l y  s u r f a c e  s o i l  t h a t
m a y  f o r m  p a r t  o f  t h e  b a n k s  o r  d a m  w a l l s .
I d e n t i f y  t h e  l o c a t i o n  o f  t h e  i n l e t  p i p e .
I d e n t i f y  t h e  c e n t r e  o f  t h e  d a m  b y  s e -
l e c t i n g  a  d a t u m  p o i n t  t h a t  w i l l  n o t  b e
d i s t u r b e d  d u r i n g  t h e  b u i l d i n g .
R i p  t h e  a r e a  t h a t  w i l l  f o r m  t h e  b a n k s
a n d  t h e  w a l l s .
A n y  p r e l i m i n a r y  e a r t h w o r k s  t h a t  a r e  r e -
q u i r e d  t o  k e y  t h e  w i n g b a n k s  i n t o  t h e  d a m
w a l l  s h o u l d  b e  c a r r i e d  o u t  a t  t h i s  t i m e .
I n e f f e c t i v e  w i n g b a n k  “ k e y i n g ”  i s  o n e  o f
the  weak  po in t s  i n  dam cons t ruc t i on .  Wi th
t h e  u s e  o f  “ s m a l l ”  d i a m e t e r  i n l e t  p i p e s
i t  i s  e s s e n t i a l  t h a t  w i n g b a n k  i n t e g r i t y
b e  s e c u r e d .
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3 . 2 .  T H E  E X C AVA T I O N
T h e  d a m  m a y  n o w  b e  e x c a v a t e d ,  e n s u r -
i n g  t h a t  t h e  p r e d e t e r m i n e d  b a t t e r  s l o p e
i s  t a r g e t e d  f r o m  t h e  o u t s e t .  I f  t h e  p r e -
d e t e r m i n e d  b a t t e r  s l o p e  i s  n o t  a c h i e v e d
t h e  d e s i g n  d e p t h  w i l l  n o t  b e  o b t a i n e d
a n d  t h e  s y s t e m  w i l l  l o s e  e f f i c i e n c y .
C o n s t r u c t e d  b a t t e r  s l o p e s  c a n  b e  s i m p l y
m e a s u r e d  w i t h o u t  t h e  u s e  o f  s u r v e y i n g
ins t ruments .  Mater ia ls  requi red  to  mainta in
a  3  i n  1  s l o p e  a r e  a  s p i r i t  l e v e l  a n d  a
p i e c e  o f  r o d  o n e - t h i r d  t h e  l e n g t h  o f  t h e
l e v e l .
T h e  h e e l  o f  t h e  s p i r i t  l e v e l  i s  p o s i t i o n e d
o n  t h e  b a t t e r  s l o p e  t o  b e  m e a s u r e d  a n d
h e l d  h o r i z o n t a l ,  ( c h e c k  t h a t  s p i r i t  l e v e l
b u b b l e  i s  c e n t r a l ) .  I f  t h e  r o d  c a n n o t  n o w
b e  p l a c e d  v e r t i c a l l y  b e t w e e n  t h e  t o e  o f
t h e  l e v e l  a n d  t h e  b a t t e r  s l o p e  t h e n  t h e
r e q u i r e d  b a t t e r  s l o p e  i s  n o t  b e i n g  m a i n -
t a i n e d .
T h e  s k e t c h  b e l o w  i l l u s t r a t e s  t h i s  m e t h o d .
I f  t h e  t o p  m e t r e  o r  t w o  o f  e a r t h  h a s  u n -
s u i t a b l e  w a t e r  h o l d i n g  c h a r a c t e r i s t i c s  t h e
p e r i m e t e r  o f  t h e  e x c a v a t i o n  s h o u l d  b e
e x t e n d e d  o u t  1 . 5  m e t r e s  s o  w h e n  m o r e
s u i t a b l e  m a t e r i a l  i s  r e a c h e d  i t  c a n  b e
u s e d  t o  b a c k  f i l l  a n d  c o v e r  t h e  u n s u i t -
a b l e  b a t t e r  m a t e r i a l .
I f  a t  a n y  s t a g e  d u r i n g  c o n s t r u c t i o n  u n -
su i t ab le  mate r ia l  i s  encounte red ,  the  ba t t e r
should be benched out. This involves removing
t h e  m a t e r i a l  f r o m  t h e  b a t t e r  s l o p e  a n d
p l a c i n g  i t  t o  o n e  s i d e ,  b a c k  f i l l i n g  w i t h
s u i t a b l e  w a t e r  h o l d i n g  m a t e r i a l ,  a n d  r e -
m o v i n g  t h e  u n w a n t e d  d i r t  t o  t h e  o u t e r
s l o p e  o f  t h e  d a m  w a l l .
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3 . 3 .  U S I N G  E X P L O S I V E S  I N
D A M  C O N S T R U C T I O N
T h e  u s e  o f  e x p l o s i v e s  i n  d a m  c o n s t r u c -
t i o n  i s  r e l a t i v e l y  n e w  a n d  e x p e r i m e n t a l .
The  idea  o f  us ing  exp los ives  to  comple te ly
e x c a v a t e  s o i l  h a s  b e e n  d i s c a r d e d ,  a s  t h i s
t e c h n o l o g y  a p p e a r s  t o  b e  m o r e  c o s t l y  t h a n
conventional construction methods. However,
t h e r e  i s  a  p l a c e  f o r  e x p l o s i v e s  i n  d a m
c o n s t r u c t i o n  i f  u s e d  t o  l o o s e n  s o i l  b e -
f o r e  e x c a v a t i o n .  T h e  c o s t  o f  b u l l d o z i n g
i s  s u c h  t h a t  b y  c u t t i n g  t h e  t i m e  s p e n t
r i p p i n g  c o n s i d e r a b l e  s a v i n g s  a r e  m a d e
i n  t h e  o v e r a l l  c o s t s .  B l a s t i n g  a l s o  t e n d s
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S c r a p e r  b u i l t  t u r k e y  n e s t s  h a v e  a  b e t t e r
s u c c e s s  r a t e  t h a n  t h o s e  b u i l t  b y  o t h e r
m e t h o d s .  T h e  m a i n  r e a s o n  f o r  t h i s  i s  t h e
s u p e r i o r  c o m p a c t i o n  o f f e r e d  b y  s c r a p -
e r s .  S c r a p e r s  s p r e a d  t h e  l a y e r s  o f  m a t e -
r i a l  a n d  t h i s  i s  t h e n  d r i v e n  o v e r  w i t h
successive loads achieving very good compaction,
p r o v i d e d  t h e  o p e r a t o r  i s  f o l l o w i n g  a  d e -
l i b e r a t e  c o m p a c t i o n  s t r a t e g y .
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4 . 1 .  P L A N N I N G  A N D
P R E P A R A T I O N
I f  a t  a l l  p o s s i b l e ,  m o i s t  c l a y s  s h o u l d  b e
used as  they  a l low much bet te r  compact ion .
C o m p a c t i o n  i s  u s u a l l y  m o r e  i m p o r t a n t
t h a n  t h e  s o u r c e  m a t e r i a l  u s e d  i n  c o n -
s t r u c t i o n .  T h e  c o n s t r u c t i o n  m a t e r i a l  i s
o f t en  b l amed  fo r  f a i l u r e s  when  i nadequa t e
c o m p a c t i o n  i s  t h e  r e a l  i s s u e .
B e f o r e  s t a r t i n g  t h e  b a n k ,  t h e  b a s e  a r e a
m u s t  b e  s t r i p p e d  o f  t o p s o i l .  T h e  b a s e
s h o u l d  t h e n  b e  l i g h t l y  r i p p e d  o r  s c a r i -
f i e d  a n d  l e v e l l e d .  A  l a y e r  o f  s e l e c t e d
c l a y  i s  t h e n  s p r e a d  a n d  c o m p a c t e d  t o  s e a l
t h e  b o t t o m  o f  t h e  t u r k e y  n e s t .
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4 . 2 .  P E G G I N G  T H E  WA L L
T h e  o u t e r  a n d  i n n e r  w a l l  c i r c u m f e r e n c e s
a r e  p e g g e d  a l l o w i n g  o v e r  3 0 0  m m  e x t r a
o n  t h e  i n s i d e  d i a m e t e r  t o  m a k e  p r o v i -
s i o n  f o r  o v e r  s p i l l  i n  c o n s t r u c t i o n  a n d
t o  m a i n t a i n  t h e  c a l c u l a t e d  s t o r a g e  v o l -
u m e .  T h e  i d e a l  o u t s i d e  b a t t e r  i s  4 : 1 ,  b u t
a n  e c o n o m i c  c o m p r o m i s e  o f  3 : 1  i s  s a t i s -
f a c t o r y .
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4 . 3 .  C O N S T R U C T I O N
The  topso i l  f rom the  bor row p i t  i s  s t r ipped
a n d  p l a c e d  a r o u n d  t h e  o u t s i d e  e d g e  o f
t h e  b a s e ,  o r  s o m e  c a n  b e  s t o c k p i l e d  f o r
s p r e a d i n g  o v e r  t h e  t o p  a n d  o u t s i d e  b a t -
t e r s  o n  c o m p l e t i o n .
T h e  w a l l  i s  b r o u g h t  u p  t o  a  h e i g h t  o f
4 5 0  m m ,  c o m p a c t i n g  e v e r y  1 0 0  m m .  A t
4 5 0  m m  a  1 0 0 - 1 5 0  m m  d e e p  t r e n c h  i s
c u t  t h r o u g h  t h e  b a n k  f o r  t h e  o u t l e t  p i p e
(75-100 mm diameter ) .  The  bul ldozer  b lade
o r  s c r a p e r  t i n e s  a r e  s u f f i c i e n t  t o  c u t  t o
t h i s  d e p t h .  T h e  t r e n c h  i s  b e s t  c u t  w i t h  a
f a l l  t o  t h e  o u t s i d e  o f  t h e  b a n k  s o  t h a t
t h e  p i p e  l e a v e s  t h e  w a l l  c l o s e  t o  g r o u n d
l e v e l .  O n c e  t h e  p i p e s  h a v e  b e e n  j o i n e d
and lined up, finely broken up clay (preferably
d r y )  i s  p a c k e d  a r o u n d  t h e  p i p e  b y  h a n d .
C l a y  ( 2 5 0  m m  t h i c k )  i s  t h e n  p l a c e d  o v e r
t h e  p i p e s  a n d  w e l l  c o m p a c t e d .  W h e n  t h i s
c o m p a c t e d  d r y  c l a y  b e c o m e s  w e t  i s  w i l l
s w e l l  a n d  s e a l  t h e  p i p e ( s )  m o r e  e f f e c -
t i v e l y .
C o n s t r u c t i o n  t h e n  c o n t i n u e s  e n s u r i n g  t h e
b e s t  w a t e r  h o l d i n g  c l a y  i s  u s e d  o n  t h e
i n s i d e  o f  t h e  b a n k ,  c o n t i n u i n g  t o  c o m -
pac t  every  100  mm inc rease  in  wa l l  he igh t .
W h e n  t h e  w a l l  h e i g h t  i s  r e a c h e d ,  u s u -
a l l y  3 - 3 . 6  m ,  t h e  t o p  i s  s u r v e y e d  t o  c h e c k
t h a t  i t  i s  l e v e l  a n d  t h e  b a n k  i s  s h a p e d
a n d  s m o o t h e d .
O n  c o m p l e t i o n  o f  t h e  w a l l  i t  i s  i m p o r -
t a n t  t o  s p r e a d  t o p s o i l  a r o u n d  t h e  t o p  o f
t h e  b a n k .  E n c o u r a g i n g  v e g e t a t i o n  g r o w t h
g r e a t l y  a s s i s t s  i n  e r o s i o n  m i n i m i s a t i o n
and so increases the longevity of the structure.
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4 . 4 .  O V E R F L O W
A n  o v e r f l o w  p i p e  i s  e s s e n t i a l ,  p l a c e d  a t
l e a s t  3 0 0  m m  f r o m  t h e  t o p  o f  s m a l l  t u r -
k e y  n e s t s  o r  6 0 0  m m  o n  l a r g e r  t u r k e y
n e s t s .  T h i s  i s  i n s t a l l e d  l i k e  t h e  d e l i v e r y
p i p e  m e n t i o n e d  e a r l i e r ,  a n d  s h o u l d  b e
o f  s u f f i c i e n t  l e n g t h  t o  e n s u r e  t h a t  o v e r -
f l o w  w a t e r  f a l l s  w e l l  c l e a r  o f  t h e  t u r k e y
n e s t ’ s  w a l l .  T h e  o v e r f l o w  c a n  a l s o  b e
a r r a n g e d  o n  t h e  o u t l e t  p i p e  b y  p l a c i n g  a
t e e  i n  t h e  i n l e t  l i n e  a n d  a  p i p e  o f  t h e
a p p r o p r i a t e  l e n g t h  s t a n d i n g  u p r i g h t .  C a r e
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W a t e r  s t o r e d  o u t  f r o n t  o f  t h e  d a m  c a n
a l s o  b e  p u m p e d  o v e r  t h e  t o p  w i t h  a  h i g h -
vo lume / low-head  pump  to  fu r the r  i nc rease
s t o r a g e ,  p r o v i d e d  t h e  i n l e t  p i p e  h a s  f i r s t
b e e n  s e a l e d .
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3 . 8 .  S P L I T  S T O R A G E  S Y S T E M S
S p l i t  s t o r a g e  s y s t e m s  a r e  u s e d  w h e r e  d a m
d e p t h  i s  i n s u f f i c i e n t  t o  s a t i s f y  e v a p o r a -
t i o n  l o s s e s  a n d  l i v e s t o c k  c o n s u m p t i o n .
T h i s  c o u l d  b e  t h e  r e s u l t  o f  a  s h a l l o w
sa l ine  wa te r - t ab le  o r  the  p resence  o f  sandy
s e a m s  b e l o w  t h e  c l a y  h o r i z o n .
S p l i t  s t o r a g e  s y s t e m s  c o n s i s t  o f  a  s h a l -
l o w ,  b e l o w  g r o u n d  t e m p o r a r y  s t o r a g e  d a m
a n d  a  c i r c u l a r  t u r k e y  n e s t  d a m  w i t h  a b o v e
and below ground storage. Excavated material
f r o m  t h e  t e m p o r a r y  s t o r a g e  d a m  i s  u s e d
t o  b u i l d  u p  t h e  w a l l s  o f  t h e  t u r k e y  n e s t
d a m .  B o t h  d a m s  s h o u l d  b e  e x c a v a t e d  t o
t h e  m a x i m u m  d e p t h  t h o u g h t  s a f e .  I n l e t
p i p e s  s h o u l d  b e  f i t t e d  t o  b o t h  d a m s  a t
g r o u n d  l e v e l  a n d  t h e  t u r k e y  n e s t  i n l e t
p i p e  s h o u l d  h a v e  a  g a t e  v a l v e  f i t t e d .  T h i s
v a l v e  s h o u l d  b e  c l o s e d  w h e n  t h i s  d a m  i s
full to ground level. Water from the temporary
s t o r a g e  d a m  i s  t h e n  p u m p e d  o v e r  t h e  t o p
i n t o  t h e  t u r k e y  n e s t  b y  w a y  o f  a  h i g h -
v o l u m e / l o w - h e a d  p u m p .  A  m i n i m u m  o f
o n e  m e t r e  f r e e  b o a r d  s h o u l d  b e  e s t a b -
l i s h e d  o n  c o m p l e t i o n  o f  p u m p i n g  i n t o
t h e  t u r k e y  n e s t .
I f  t h e r e  i s  s u f f i c i e n t  s l o p e  i n  f r o n t  o f
t h e  t u r k e y  n e s t ,  t h e  u s e  o f  w i n g b a n k s  a s
a  t e m p o r a r y  s t o r a g e  a r e a  m a y  n e g a t e  t h e
n e e d  f o r  a  s e c o n d  d a m .  I f  t h i s  i s  t h e
c a s e ,  a  s o i l  b o r r o w  s h o u l d  b e  e x c a v a t e d
a t  t h e  f r o n t  o f  t h e  t u r k e y  n e s t .  M a t e r i a l
f r o m  t h i s  a r e a  i s  u s e d  t o  b u i l d  u p  t h e
w a l l s  o f  t h e  t u r k e y  n e s t .  T h i s  b o r r o w
a r e a  w i l l  a l s o  o f f e r  a d d i t i o n a l  t e m p o -
ra ry  wa te r  s t o r age  and  can  a l so  be  pumped
i n t o  t h e  t u r k e y  n e s t .
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
4 .  T U R K E Y  N E S T  D A M S
S u c c e s s f u l  t u r k e y  n e s t s  d e p e n d  o n  c a r e -
f u l  p l a n n i n g ,  c o n s t r u c t i o n  a n d  a t t e n t i o n
t o  d e t a i l .
F i g u r e  1 1 .  S p l i t
s t o r a g e  s y s t e m s
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F i g u r e  7
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t o  b r e a k  u p  t h e  s o i l  a n d  m i x  i t  t h o r -
o u g h l y .  T h i s  l e s s e n s  t h e  p o s s i b i l i t y  o f
l e a k a g e  o w i n g  t o  s m a l l  ‘ p i p e s ’  o c c u r -
r i n g  i n  t h e  s o i l  p r o f i l e .
T h e  d r i l l i n g  p a t t e r n  r e q u i r e d  v a r i e s  f r o m
s i t e  t o  s i t e  d e p e n d i n g  o n  t h e  t y p e  o f  s o i l
a n d  t h e  m o i s t u r e  c o n t e n t .  A n  e x a m p l e
o f  a  p o s s i b l e  p a t t e r n  f o r  a  c i r c u l a r  d a m
i s  s h o w n  i n  F i g u r e 7 .  W i t h  i n c r e a s e d  s o i l
m o i s t u r e  t h e  e x p l o s i o n  w i l l  h a v e  a  g r e a t e r
e f f e c t  t h a n  i f  b l a s t i n g  i n  d r i e r  g r o u n d .
A s  a  r u l e  o f  t h u m b ,  t h e  d i s t a n c e  b e t w e e n
b l a s t  h o l e s  s h o u l d  b e  a b o u t  5  m .  T h e
w e i g h t  o f  e x p l o s i v e s  r e q u i r e d  f o r  e a c h
h o l e  i s  4  k g  p e r  d r i l l e d  m e t r e  d e p t h .  B y
u s i n g  d e l a y  r e l a y  c o n n e c t o r s  ( D R C )  b e -
t w e e n  e a c h  b l a s t i n g  c i r c u m f e r e n c e  t h e
b l a s t  w i l l  b e  f r o m  p e r i p h e r y  t o  c e n t r e
a n d  t h e  f i n a l  s h a p e  o f  t h e  l o o s e n e d  s o i l
w i l l  b e  v e r y  c l o s e  t o  t h a t  o f  t h e  d e s i r e d
e x c a v a t i o n .  T h e  D R C ’ s  p r o d u c e  “ f r a c -
t i o n  o f  a  s e c o n d ”  t i m e  d e l a y s  b e t w e e n
d e t o n a t i o n s ,  a s s i s t i n g  i n  b l a s t i n g  t h e  d i r t
t o  t h e  o u t s i d e  o f  t h e  d a m .  T h e  c h o i c e  o f
a m m o n i u m  n i t r a t e  a n d  f u e l  o i l  ( A N F O )
a s  t h e  e x p l o s i v e  k e e p s  c o s t s  t o  a  m i n i -
m u m .   I t  a l s o  f a c i l i t a t e s  e a s e  i n  t r a n s -
p o r t  a s  t h e  e x p l o s i v e  e l e m e n t s  a r e  m i x e d
o n - s i t e .  T h e  t h o r o u g h  m i x i n g  o f  2 . 2  l i -
t r e s  o f  d i e s e l  w i t h  a  3 0  k g  b a g  o f  a m m o -
n i u m  n i t r a t e  m a n u f a c t u r e s  A N F O  o f  r e -
q u i r e d  s t r e n g t h .
A  b o o s t e r  c h a r g e  i s  l o w e r e d  i n t o  e a c h
h o l e  o n  a  l e n g t h  o f  d e t o n a t i n g  c o r d  a n d
t h e  r e q u i r e d  a m o u n t  o f  A N F O  i s  p l a c e d
o n  t o p  o f  t h e  b o o s t e r .  T r u n k  c o r d  i s  u s e d
t o  c o n n e c t  a l l  t h e  c h a r g e s  a n d  d e t o n a -
t i o n  i s  p e r f o r m e d  w i t h  a  N o .  8  d e t o n a -
t o r  a c t i v a t e d  b y  s a f e t y  f u s e .
E x p l o s i v e s  s h o u l d  b e  u s e d  o n l y  w h e n  a
d a m  i s  b e i n g  b u i l t  o n  a n  ‘ h o u r l y ’  b a s i s ,
i n  d i r t  c o n s i d e r e d  t o o  h a r d  t o  e x c a v a t e
w i t h o u t  r i p p i n g ,  o r  w h e n  u s i n g  a  s m a l l
s t a t i o n  b u l l d o z e r .
R e s u l t s  f r o m  t e s t  d r i l l i n g  a  s i t e  w i l l  d e -
t e r m i n e  i f  t h e  u s e  o f  e x p l o s i v e s  w i l l  b e
a  c o s t  e f f e c t i v e  a l t e r n a t i v e  t o  r i p p i n g .
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3 . 4 .  D E S I G N  S H A P E S  A N D
E F F I C I E N C Y
E x c a v a t i o n  c o s t s  d i c t a t e  t h a t  t h e  d e s i g n
o f  a  d a m  m u s t  s u i t  s p e c i f i c  r e q u i r e m e n t s .
O n c e  t h e  d e p t h  o f  s u i t a b l e  s o i l  i s  k n o w n ,
the  des ign  and  l i f e  expec tanc ies  o f  va r ious
d a m  s t o r a g e s  m a y  b e  c a l c u l a t e d .  D a m s
w i t h  l a r g e  b a s e  a r e a s  m a k e  p o o r e r  u s e
o f  s m a l l  i n f l o w s  b e c a u s e  t h e  d e p t h  o f
s t o r e d  w a t e r  i s  l e s s .  I t  i s  o f  p a r a m o u n t
i m p o r t a n c e  t o  r e m e m b e r  t h a t  w a t e r  d e p t h
i s  b y  f a r  t h e  m a j o r  c o n t r i b u t o r  t o  t h e
l i f e  e x p e c t a n c y  o f  s t o r e d  w a t e r .
C i r c u l a r  d a m s  a r e  t h e  m o s t  c o s t - e f f e c -
t i v e  s h a p e  f o r  s t o c k  w a t e r i n g  p u r p o s e s .
F o r  a  d a m  o f  g i v e n  d e p t h ,  b a s e  w i d t h
a n d  b a t t e r  s l o p e ,  c i r c u l a r  d a m s  p r o v i d e
l e s s  s t o r e d  w a t e r  t h a n  t h e  c o n v e n t i o n a l
s q u a r e  d a m  b u t  t h e  e f f e c t i v e  s t o r a g e  l i f e
e x p e c t a n c y ,  i n  a  d r o u g h t  i s  v e r y  s i m i -
l a r ,  because  o f  r educed  evapora t ive  losses .
A n y  g i v e n  i n f l o w  i n t o  t h e  c i r c u l a r  d a m
w i l l  c r e a t e  g r e a t e r  d e p t h  o f  s t o r e d  w a -
t e r ,  t h u s  i n c r e a s i n g  s t o r a g e  e f f e c t i v e n e s s .
T h e r e f o r e ,  a  s t o r a g e  f a c i l i t y  t h a t  i s  v e r y
c o m p a r a b l e  i n  p e r f o r m a n c e  i s  o b t a i n a b l e
a t  l o w e r  c o s t .
G iven  dam des ign  and  the  number  o f  s t ock
w a t e r i n g  o n  i t ,  i t  i s  p o s s i b l e  t o  c a l c u -
l a t e  m o n t h l y  w a t e r  u s a g e  a n d  e x p e c t e d
s t o r a g e  l i f e  o f  t h e  d a m .
• S e e p a g e
This will differ from dam to dam, therefore
f o r  t h e  p u r p o s e  o f  u n i f o r m i t y ,  s e e p -
a g e  i s  a s s u m e d  t o  b e  n e g l i g i b l e .
21
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
Dam des ign  fo r  pas to ra l  s tock  water  supp l ies
(1)  Wingbank volume (m 3) = Total  wingbank
l e n g t h  ( m )  x  a v e r a g e  c r o s s  s e c t i o n a l  a r e a
( m 2)
( 2 )  W i n g b a n k  c r o s s  s e c t i o n a l  a r e a  ( m 2 )
=  ( B a n k  b a s e  w i d t h  +  b a n k  t o p  w i d t h )
x  h e i g h t
A l l  s a n d y  a n d  g r a v e l l y  m a t e r i a l  s h o u l d
b e  r e m o v e d  f r o m  t h e  p r o p o s e d  w i n g b a n k
s i t e  be fo re  cons t ruc t ion .  The  su r face  a reas
o n  w h i c h  t h e  b a n k s  a r e  t o  b e  c o n s t r u c t e d
s h o u l d  b e  d e e p  r i p p e d  l o n g i t u d i n a l l y .
T h e  w i n g b a n k s  m u s t  b e  b u i l t  f r o m  m a t e -
r i a l  s o u r c e d  f r o m  t h e  d o w n s t r e a m  s i d e
o f  t h e  b a n k .  T h e  n a t u r a l  s u r f a c e  i n  f r o n t
o f  t h e  b a n k s  s h o u l d  n o t  b e  d i s t u r b e d ;
t h i s  p a r t i c u l a r l y  a p p l i e s  a t  t h e  e n d  o f
the banks at the point of overflow. Compaction
o f  t h e  b a n k s  d u r i n g  c o n s t r u c t i o n  i s  e s -
s e n t i a l  t o  e n s u r e  t h e r e  a r e  n o  w e a k  p o i n t s
and to reduce subsidence as the bank set t les .
T h e  d e s i g n  h e i g h t  s h o u l d  b e  m a i n t a i n e d
a l o n g  t h e  f u l l  l e n g t h  o f  t h e  b a n k .  A  s u r -
v e y o r ’ s  l e v e l  i s  r e q u i r e d  t o  e n s u r e  t h i s
l e v e l  i s  m a i n t a i n e d ;  j u d g e m e n t  b y  e y e
i s  n o t  a c c u r a t e  e n o u g h .
A t  l e a s t  o n e  m e t r e  o f  f r e e  b o a r d  s h o u l d
b e  m a i n t a i n e d  a l o n g  t h e  l e n g t h  o f  t h e
b a n k  ( w h e n  w a t e r  i s  f l o w i n g  a r o u n d  t h e
overflow to its maximum depth). On completion
o f  t h e  b a n k s  a  d o z e r  s h o u l d  d e e p  r i p  t h e
d i s t u r b e d  b o r r o w  p i t  a r e a  b e h i n d  t h e m
t o  f a c i l i t a t e  w a t e r  p e n e t r a t i o n  a n d  p r o -
v i d e  s e e d  n i c h e s  t o  a s s i s t  t h e  r e v e g e t a t i o n
o f  t h e  s i t e .
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3 . 7 .  A B O V E  G R O U N D  S T O R A G E
A b o v e  g r o u n d  w a t e r  s t o r a g e  i s  p o s s i b l e
w h e r e  a  d a m  i s  b u i l t  o n  a  s l i g h t  s l o p e ,
b y  f i t t i n g  a  s h u t - o f f  v a l v e  o n  t h e  i n l e t
p i p e .  T h i s  a l l o w s  t h e  v o l u m e  o f  w a t e r
s t o r e d  t o  b e  i n  e x c e s s  o f  t h e  a c t u a l  e x -
c a v a t e d  c a p a c i t y .  C o r r e c t l y  s u r v e y e d  a n d
c o n s t r u c t e d  w i n g b a n k s  c a n  h o l d  u p  t o
0 . 5  m e t r e  d e p t h  o f  w a t e r  a b o v e  g r o u n d
l e v e l  o n  t h e  f r o n t  w a l l  o f  t h e  d a m .  W a -
t e r  w i l l  f l o w  t h r o u g h  t h e  i n l e t  p i p e  u n -
t i l  w a t e r  l e v e l s ,  i n s i d e  a n d  o u t s i d e  t h e
dam a re  in  equ i l ib r ium.  The  shu t -o f f  va lve
s h o u l d  b e  c l o s e d  w h e n  t h i s  o c c u r s .
T h e  s u c t i o n  f o r c e s  i n  a  1 5 0  m m ,  o r  l a r g e r ,
d i a m e t e r  p i p e  a r e  c o n s i d e r a b l e  s o  e x t r e m e
caution should be exercised when approaching
a n  i n l e t  p i p e  t h a t  i s  s t i l l  f l o w i n g .
F i g u r e  1 0 .  C r o s s  s e c t i o n  o f  d a m  s h o w i n g  a b o v e  g r o u n d  s t o r a g e
2
20
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
Dam des ign  fo r  pas to ra l  s tock  water  supp l ies
b ) temporarily store runoff prior to transference
v i a  t h e  i n l e t  p i p e  t o  t h e  d a m ;
c ) a l l o w  f o r  s o m e  a b o v e  g r o u n d  w a t e r
s t o r a g e .  T h i s  s h o u l d  n o t  e x c e e d  0 . 5
metre. Wingbank construction costs become
e x c e s s i v e  b e y o n d  t h i s  d e p t h  o f  s t o r -
a g e ;
d ) d i r e c t  r u n o f f ,  w h i c h  i s  i n  e x c e s s  o f
dam s torage  capac i ty  to  the  over f low(s) ;
e ) t e m p o r a r i l y  ‘ s t i l l ’  r u n o f f  w a t e r  b e f o r e
i t  i s  t r a n s f e r r e d  i n t o  t h e  d a m  v i a  t h e
i n l e t  p i p e .  T h e  s t i l l i n g  a l l o w s  f o r  s i l t
deposi t ion  wi th in  the  temporary  ponding
a r e a  ( a n d  n o t  i n  t h e  d a m ) .
O v e r f l o w s  s h o u l d  n o t  c o n f i n e  w a t e r  t o  a
narrow channel .  A wide f lat  overflow al lows
w a t e r  t o  m o v e  s l o w l y  a w a y  f r o m  t h e  d a m
w i t h  m i n i m a l  e r o s i o n  r i s k .  C a r e  s h o u l d
b e  t a k e n  t o  e n s u r e  w a t e r  d o e s  n o t  r u n
b a c k  i n t o  t h e  b o r r o w  p i t  d o w n - s l o p e  o f
the  w ingbank .  A  s t ab l e  su r f ace  i s  r equ i r ed
f o r  t h e  o v e r f l o w  s u c h  a s  a  h e a v i l y  v e g -
e t a t e d  a r e a  o r  a  v e r y  f l a t  d r a i n a g e  z o n e .
S teep  s lopes  and  bare  e rod ib le  so i l s  should
b e  a v o i d e d .  I f  n e c e s s a r y ,  t h e  o v e r f l o w
s h o u l d  b e  p r o t e c t e d  f r o m  d i s t u r b a n c e  b y
a p p r o p r i a t e  l i v e s t o c k  f e n c i n g .
T h e  a p p r o x i m a t e  v o l u m e  o f  w a t e r  h e l d
b y  t h e  w i n g b a n k s  c a n  b e  c a l c u l a t e d  a s
f o l l o w s :
Approximate volume of water ponded (m3)
=  1.05 hf (r1 + r2)2
2
where:
r1 + r2 = wingbank lengths
h = depth of water at inlet when overflow
commences
f = fraction of circle covered by
temporary water storage.
Example:
wingbank lengths = 140 m and 160 m
depth of water at inlet= 0.5m
fraction of circle ponded = 4/10





0.21 x 22,500 = 4725m3 temporary storage volume
3.6.1. Wingbank construction
F o l l o w i n g  s i t e  s u r v e y s  a n d  p e g g i n g  t h e
f o l l o w i n g  f o r m u l a e  m a y  b e  u s e d  t o  c a l -
cu la t e  cons t ruc t ion  ma te r i a l  r equ i r emen t s .F i g u r e  9 .  D i a g r a m  o f  a n  o v e r f l o w
W i n g b a n k  c o n s t r u c t i o n  w i t h  e a r t h  s o u r c e d  f r o m
d o w n s l o p e  o f  t h e  b a n k
17
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• S t o c k  c o n s u m p t i o n
W h e n  c a l c u l a t i n g  r a t e s  o f  s t o c k  w a -
t e r  c o n s u m p t i o n ,  p a r a m e t e r s  a n d  f i g -
u r e s  r e l e v a n t  t o  t h e  d a m  s i t e  l o c a l i t y
s h o u l d  b e  u s e d .
• E v a p o r a t i o n
E v a p o r a t i o n  w i l l  a c c o u n t  f o r  b e t w e e n
2  a n d  3  m e t r e s  o f  a n n u a l  l o s s  o f  s t o r e d
w a t e r  d e p t h  d e p e n d i n g  o n  d a m  l o c a -
t i o n .  T h i s  c a n  b e  m i n i m i s e d  b y  d e -
s i g n i n g  a  d a m  t o  s t o r e  a  g i v e n  v o l -
ume with the smallest surface area exposed
t o  t h e  a t m o s p h e r e .
S t o r i n g  a  g r e a t e r  d e p t h  o f  w a t e r  p r o -
motes lower water temperature and therefore
r e d u c e s  e v a p o r a t i o n  r a t e .
Air movement over water increases evaporation
r a t e s .  T h i s  c a n  b e  r e d u c e d  b y  c o n s t r u c t -
i n g  d a m  b a n k s  o f  s i g n i f i c a n t  h e i g h t  a n d
by  ensu r ing  t ha t  t hey  comple t e ly  su r round
t h e  d a m .  U s e  o f  p i p e d  i n l e t s  a n d  a b s e n c e
o f  ‘ w a t e r - t a b l e s ’  i n  d a m  d e s i g n  a s s i s t
i n  r e d u c i n g  w a t e r  s u r f a c e  w i n d  s p e e d s .
There  i s  no  low-cos t  me thod  o f  comple te ly
s t o p p i n g  e v a p o r a t i o n  l o s s e s .  D a m  d e s i g n
must  incorpora te  an  evapora t ive  loss  fac tor
i n  o r d e r  t o  e n s u r e  a  d r o u g h t  p r o o f  s u p -
p l y .
3.4.1. Batter slope
R e g a r d l e s s  o f  d a m  s i z e ,  t h e  b a t t e r  s l o p e
s h o u l d  b e  a s  s t e e p  a s  p o s s i b l e  t o  e n s u r e
t h a t  f o r  a n y  g i v e n  v o l u m e  t h e  d a m  d e p t h
i s  m a x i m i s e d .  F o r  a  g i v e n  v o l u m e ,  s t e e p
b a t t e r s  c r e a t e  l e s s  w a t e r  s u r f a c e  a r e a .
M o s t  d a m  s i n k i n g  m a c h i n e r y  i s  c a p a b l e
o f  c o n s t r u c t i n g  a  3 : 1  g r a d i e n t ,  o r  s t e e p e r .
S t e e p  g r a d e s  m i n i m i s e  s t o c k  b o g g i n g  a s
a n i m a l s  d o  n o t  w a d e  i n t o  t h e  w a t e r  t o





T h e  b a s e  a r e a  o f  a  d a m  a l s o  i n f l u e n c e s
i t s  p e r f o r m a n c e .  A  s m a l l  b a s a l  a r e a  w i l l
create (together with other factors) a compact
s to rage  f ac i l i t y  t ha t  bes t  u ses  sma l l  runof f
e v e n t s .  I t  w i l l  m a x i m i s e  s t o r a g e  d e p t h
f o r  a n y  g i v e n  v o l u m e  h a r v e s t e d .
3.4.3. Formulae for calculating volume
Square and oblong dams:
Volume (m3) = (A + B +(   A x B)) x D
where:
A = top surface area (m2)
B = base area (m2)
D = depth (m)
Circular dams:
Volume  = 0.2619 x depth x [(Td2 + Bd2 + (Td x Bd)]
where:
Td = top diameter (m)
Bd = base diameter (m)
Examples
Square dam:
top side length = 50 m
base side length = 14 m
depth = 6 m
Volume = (A + B +(   A x B)) x D
= (50x50)+(14x14)+(  2500x196) x 6
= 2500 + 196 + 700 x 6
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Circular dam:
Top diameter = 56 m
Base diameter = 20 m
Depth = 6 m
Volume = 0.2619 x depth x [Td2 + Bd2 + (Td x Bd)]
= 0.2619 x 6 x [562 + 202 + (56 x 20)]
= 0.2619 x 6 x [3136 + 400 + 1120]
= 1.5714 x [4656]
= 7316 m3
Base diameter = 20 m
Depth = 6 m
Volume = 0.2619 x depth x [Td2 + Bd2 + (Td x Bd)]
= 0.2619 x 6 x [562 + 202 + (56 x 20)]
= 0.2619 x 6 x [3136 + 400 + 1120]
= 1.5714 x [4656]
= 7316 m3
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3 . 5 .  P I P E D  I N L E T S
C o r r e c t l y  d e s i g n e d  a n d  i n s t a l l e d  p i p e d
i n l e t s  a r e  c o s t - e f f e c t i v e  i n  m i n i m i s i n g
bat te r  e ros ion  and f low of  ca tchment  debr is
i n t o  t h e  d a m .  P i p e d  i n l e t s  m i n i m i s e  d a m
v o l u m e  r e d u c t i o n  b y  s i l t a t i o n  t h a t  c a u s e s
d e p t h  l o s s  a n d  a  r e s u l t i n g  i n c r e a s e  i n
s u r f a c e  a r e a  o f  t h e  s t o r e d  w a t e r .  T h i s
i n c r e a s e s  e v a p o r a t i o n  a n d  r e d u c e s  s t o r -
a g e  l i f e .
P i p e d  i n l e t s  a r e  i n s t a l l e d  i n  c o n j u n c t i o n
w i t h  a d e q u a t e  w i n g b a n k s .  T h e  f u n c t i o n
o f  t h e  w i n g b a n k s  i s  t o  t e m p o r a r i l y  p o n d
c a t c h m e n t  r u n o f f .  T h i s  t e m p o r a r y  s t i l l i n g
c a u s e s  a n y  s i l t  t o  s e t t l e ,  l e a v i n g  s i l t  f r e e
r u n o f f  t o  e n t e r  t h e  d a m  v i a  t h e  i n l e t  p i p e .
T h e  d e s i g n  d i a m e t e r  o f  t h e  i n l e t  p i p e  i s
dependent  on  the  capaci ty  of  the  wingbanks
t o  p r o v i d e  t e m p o r a r y  w a t e r  s t o r a g e .  T h e
s m a l l e s t  p r a c t i c a b l e  d i a m e t e r  i n l e t  p i p e
s h o u l d  b e  s e l e c t e d .  L a r g e  i n l e t  p i p e s  d o
n o t  c r e a t e  e n o u g h  t i m e  f o r  t h e  s i l t  t o
s e t t l e .  W i t h  t h e  c o r r e c t  c o m b i n a t i o n  o f
p i p e  s i z e  a n d  t e m p o r a r y  s t o r a g e  a r e a ,  t h e
n e e d  f o r  a  s i l t  p i t  i s  e l i m i n a t e d .  A  s i n -
gle 150 mm diameter inlet is usually adequate
f o r  d a m s  o f  l e s s  t h a n  1 0 , 0 0 0  c u b i c  m e -
t r e  c a p a c i t y .  T h e  d i s c h a r g e  r a t e  f o r  1 5 0
m m  d i a m e t e r  p i p e  o n  a  5 : 1  s l o p e  i s  3 1 0
c u b i c  m e t r e s  p e r  h o u r .  T h i s  f l o w  r a t e  i s
s u f f i c i e n t  t o  f i l l  a  1 0 , 0 0 0  c u b i c  m e t r e
d a m  f r o m  e m p t y  i n  a  l i t t l e  m o r e  t h a n  3 2
h o u r s .  D a m s  w i t h  c a p a c i t i e s  g r e a t e r  t h a n
1 0 , 0 0 0  c u b i c  m e t r e s  m a y  r e q u i r e  t w o  1 5 0
m m  d i a m e t e r  i n l e t  p i p e s  o r  a  s i n g l e  l a r g e r
d i a m e t e r  p i p e .
3.5.1. Pipe types
P V C  p i p i n g  i s  g e n e r a l l y  r e c o m m e n d e d ,
as it  is relatively inexpensive when compared
w i t h  s i m i l a r  s i z e d  a l t e r n a t i v e s .  P V C  i s
l i g h t ,  e a s y  t o  h a n d l e  a n d  i s  c o r r o s i o n -
free. Once buried it is very durable. However,
P V C  i s  u l t r a v i o l e t  l i g h t  s e n s i t i v e  a n d
s h o u l d  n o t  b e  e x p o s e d  t o  t h e  s u n .  A d d i -
tionally, unburied PVC pipe vibrates excessively
d u r i n g  i n f l o w s  a n d  m a y  s h a t t e r .
A  m a j o r  a d v a n t a g e  o f  P V C  i s  t h e  e a s e
with which individual  lengths can be joined,
w i t h o u t  l e a k a g e  o c c u r r i n g .  S h o u l d  l e a k -
a g e s  o c c u r ,  w a t e r  w i l l  t u n n e l  a l o n g  t h e
o u t s i d e  o f  t h e  i n l e t  p i p e ,  c a u s i n g  e r o -
A n  e x a m p l e  o f  a  p i p e d  i n l e t  a b u t m e n t  w i t h
“ t r a s h  c a t c h e r ’  g u a r d
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s i o n  o f  t h e  d a m  f r o n t  w a l l .  I f  t h e  l e a k -
a g e  i s  s e r i o u s  t h e  f r o n t  w a l l  m a y  b e  u n -
dermined and deposited into the dam, together
w i t h  t h e  i n l e t  p i p e .  T h i s  h a s  o c c u r r e d  i n
pastoral  areas where asbestos/cement culvert
p i p e s  h a v e  b e e n  u s e d .  T h e s e  p i p e s  a r e
n o t  r e c o m m e n d e d  f o r  d a m  i n l e t s  b e c a u s e
o f  t h e  d i f f i c u l t y  i n  m a k i n g  j o i n t s  p e r -
m a n e n t l y  w a t e r p r o o f .  O p e n  f l u m i n g  i s
a l s o  f a i l u r e  p r o n e  o w i n g  t o  o v e r t o p p i n g
d u r i n g  l a r g e  i n f l o w s .  T h i s  o v e r t o p p i n g
unde rmines  f l uming  and  even tua l ly  causes
s t r u c t u r e  f a i l u r e .
3.5.2. Installation
I n l e t  p i p e s  a r e  n o r m a l l y  i n s t a l l e d  d u r -
i n g  d a m  c o n s t r u c t i o n ,  b u t  t h e y  c a n  a l s o
b e  a d d e d  t o  e s t a b l i s h e d  d a m s  i f  t h e  d a m
i s  d r y  a n d / o r  h a v i n g  t h e  s i l t  r e m o v e d .
W h e n  t h e  e x c a v a t i o n  h a s  b e e n  c o m p l e t e d
t h e  t r e n c h  f o r  t h e  i n l e t  p i p e  s h o u l d  b e
excavated.  The pipe should run from ground
l e v e l  o u t s i d e  t h e  d a m  w a l l  t o  w i t h i n  o n e
ver t ica l  met re  of  the  dam base .  One  method
o f  i n s t a l l a t i o n  i s  f o r  t h e  d o z e r  t o  p u s h
f r o m  i n s i d e  t h e  d a m  p i l i n g  t h e  d i r t  o u t
i n  f r o n t  o f  t h e  p r o p o s e d  i n l e t .  W h e n  t h e
t r e n c h  h a s  b e e n  b u i l t  t h e  d o z e r  c a n  c o n -
s t r u c t  t h e  w i n g b a n k s  a l l o w i n g  t i m e  t o
p l a c e  a n d  s e c u r e  t h e  p i p e .
W h e n  t h e  p i p e  i s  s e c u r e d  i n  p o s i t i o n  t h e
d o z e r  c o v e r s  t h e  p i p e  a n d  r e b u i l d s  t h e
w a l l .  P l a c i n g  a  b a g  o v e r  t h e  e n d  o f  t h e
p i p e  w i l l  p r e v e n t  i t  f r o m  f i l l i n g  w i t h
d i r t .  T o  e n s u r e  t h a t  t h e  p o s i t i o n  o f  t h e
e n d  o f  t h e  p i p e  c a n  b e  l o c a t e d ,  s i g h t e r
p o s t s  t h a t  w i l l  n o t  b e  d i s t u r b e d  d u r i n g
t h e  c o v e r i n g  o p e r a t i o n  s h o u l d  b e  u s e d .
I f  t h e  p i p e  i s  p l a c e d  i n  t h e  c e n t r e  o f  t h e
c h a n n e l  t h e  d o z e r  c a n  s a f e l y  b a c k f i l l  t h e
c h a n n e l  w i t h  3 0 – 5 0  c m  o f  d i r t  a l o n g  t h e
f u l l  l e n g t h  o f  t h e  p i p e ,  i n  t h e  k n o w l -
e d g e  t h a t  t h e  t r a c k s  w i l l  n o t  r u n  o v e r
t h e  p i p e .
T h e  p i p e  s h o u l d  n o w  b e  b u r i e d  f o r  i t s
f u l l  l e n g t h .  T h i s  s e c u r e s  t h e  p i p e  i n  p o -
s i t i o n  a n d  r e d u c e s  t h e  c h a n c e s  o f  v i b r a -
t i o n .  V i b r a t i o n  p r o m o t e s  w a t e r  s e e p a g e
a t  j o i n t s ,  p r o m o t i n g  a  ‘ b l o w  o u t ’  ( s e e
a b o v e ) .
B y  u s i n g  t h e  s i g h t e r  p o s t s  t h e  d o z e r  c a n
s a f e l y  p u s h  t h e  d i r t  a w a y  f r o m  t h e  p i p e
u n t i l  t h e  e n d  i s  a l m o s t  e x p o s e d .  T h e  r e -
m a i n i n g  d i r t  c a n  b e  r e m o v e d  b y  s h o v e l .
T o  c o m p l e t e  t h e  i n l e t  a  c e m e n t  a p r o n
s h o u l d  b e  c o n s t r u c t e d  t o  p r o t e c t  t h e  e n d
o f  t h e  p i p e .  I n s t a l l a t i o n  o f  a  m e s h  g u a r d
i s  r e c o m m e n d e d  ( e q u i v a l e n t  i n  a r e a  t o
1 0  t i m e s  t h e  p i p e ’ s  c r o s s  s e c t i o n a l  a r e a )
t o  p r e v e n t  d e b r i s  b l o c k i n g  t h e  i n l e t .
A t  t h e  o u t f a l l  a  c o n c r e t e  s l a b  o r  s i m i l a r
should be constructed to stop water  scouring
t h e  f l o o r  o f  t h e  d a m .
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3 . 6 .  W I N G B A N K S  A N D
O V E R F L O W S
T h e  p u r p o s e s  o f  w i n g b a n k s  a r e  t o :
a ) d i r e c t  c a t c h m e n t  r u n - o f f  t o  t h e  i n l e t
p i p e ;
F i g u r e  8 .  C r o s s  s e c t i o n  o f  c o r r e c t l y  i n s t a l l e d
i n l e t  p i p e .
